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INHIBITORS OF HISTONE DEACETYLASE 

(Attorney Docket No. 106.101.140) 

5 BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to the inhibition of histone deacetylase. More 
particularly, the invention relates to compounds and methods for inhibiting 
histone deacetylase enzymatic activity. 

10 Summary o f the delated Art 

In eukaryotic cells, nuclear DNA associates with histones to form a 
compact complex called chromatin. The histones constitute a family of basic 
proteins which are generally highly conserved across eukaryotic species. The core 
histones, termed H2A, H2B, H3, and H4, associate to form a protein core. DNA 
15 winds around this protein core, with the basic amino acids of the histones 
interacting with the negatively charged phosphate groups of the DNA. 
Approximately 146 base pairs of DNA wrap around a histone core to make up a 
nucleosome particle, the repeating structural motif of chromatin. 

Csordas, Biochem. J., 286: 23-38 (1990) teaches that histones are subject to 
20 posttranslational acetylation of the e-amino groups of N-terrninal lysine residues, 
a reaction that is catalyzed by histone acetyl transferase (HAT1). Acetylation 
neutralizes the positive charge of the lysine side chain, and is thought to impact 
chromatin structure. Indeed, Taunton et al. Science, 272: 408-411 (1996), teaches 
that access of transcription factors to chromatin templates is enhanced by histone 
25 hyperacetylation. Taunton et al. further teaches that an enrichment in 

underacetylated histone H4 has been found in transcriptionally silent regions of 
the genome. 
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Histone acetylation is a reversible modification, with deacetylation being 
catalyzed by a family of enzymes termed histone deacetylases (HDACs). 
Grozinger et at, ProcNatl. Acad. Sci USA, 96: 4868-4873 (1999), teaches that 
HDACs may be divided into two classes, the first represented by yeast Rpd3-like 
proteins, and the second represented by yeast Hdal-like proteins. Grozinger et at 
also teaches that the human HDAC1, HDAC2, and HDAC3 proteins are members 
of the first class of HDACs, and discloses new proteins, named HDAC4, HDAC5, 
and HDAC6, which are members of the second class of HDACs. Kao et al., Genes 
& Dev., 14: 55-66 (2000), discloses HDAC7, a new member of the second class of 
HDACs. Van den Wyngaert, FEBS, 478: 77-83 (2000) discloses HDAC8, a new 
member of the first class of HDACs. 

Richon et at, Proc. Natl. Acad. Sci. USA, 95: 3003-3007 (1998), discloses that 
HDAC activity is inhibited by trichostatin A (TSA), a natural product isolated 
from Streptomyces hygroscopicus, and by a synthetic compound, suberoylanilide 
hydroxamic acid (SAHA). Yoshida and Beppu, Exper. Cell Res., 177: 122-131 
(1988), teaches that TSA causes arrest of rat fibroblasts at the G t and G, phases of 
the cell cycle, implicating HDAC in cell cycle regulation. Indeed, Finnin et al., 
Nature, 401: 188-193 (1999), teaches that TSA and SAHA inhibit cell growth, 
induce terminal differentiation, and prevent the formation of tumors in mice. 

These findings suggest that inhibition of HDAC activity represents a novel 
approach for intervening in cell cycle regulation and that HDAC inhibitors have 
great therapeutic potential in the treatment of cell proliferative diseases or 
conditions. To date, only a few inhibitors of histone deacetylase are known in the 
art. There is thus a need to identify additional HDAC inhibitors and to identify 
the structural features required for potent HDAC inhibitory activity. 



Copied from. .10522823 on 02/25/2008 



WO 01/70675 



PCT/IB01/00683 



BRIEF SUMMARY OF THE INVENTION 

The invention provides compounds and methods for treating cell 
proliferative diseases. The invention provides new inhibitors of histone 
deacetylase enzymatic activity. 
5 In a first aspect, therefore/ the invention provides novel inhibitors of 

histone deacetylase. In one embodiment, the novel inhibitors of histone 
deacetylase are represented by formula (1): 

Cy-X-Y'-W (1) 

wherein 

10 Cy is cycloalkyl, aryl, or a radical of a heterocyclic moiety, any of which 

may be optionally substituted; 

X is selected from the group consisting of C=0, 0=01,, CH(OH), CHCOR 1 ), 
C=N(OH), and C=N(OR l ), where R 1 is alkyl, aryl, aralkyl, or acyl; 

Y 1 is a Q-C, alkylene, wherein said alkylene may be optionally substituted, 
15 and wherein one or two carbon atoms in the linear chain connecting X and W may 
be replaced with O, NR. 3 , or S(0) n , where R 3 is hydrogen, alkyl, aryl, aralkyl, 
sulfonyl, acyl, alkoxycaxbonyl, or carbamoyl, and n is 0, 1, or 2, provided that the 
atoms in Y 1 that are attached to X and to W are carbon atoms, and further 
provided that Y l does not comprise an ester or amide linkage in the linear chain 
20 connecting X and W; and 

W is selected from the group consisting of -C^-CH.-SR 2 , -C(0)-NH-OM, 
-NH-C(0)-NH-Z, and -C(0)-NH-Z, where 

R 2 is alkyl, aryl, aralkyl, or acyl, wherein the aryl portion of any such 
groups may be optionally substituted; 
25 M is hydrogen or a pharmaceutically acceptable cation; 

Z is selected from the group consisting of anilinyl, pyridyl, thiazolyl, 
hydroxyphenyl, thiadiazolyl, anilinylmethyl, or pyridylmethyl, any of 



Copied from. .10522823 on 02/25/2008 



WO 01/70675 



PCT/IB01/00683 



which groups optionally may be substituted with halo, hydroxy, amino, 

nitro, C,-C 4 alkyl, or Q-Q alkoxy; 
provided that X is C=CI\, CH(OR\ C=N(OH), or C=N(OR 1 ) when W is 
-C(0)-NH-OM and Cy is unsubstituted phenyl, dimethylaminophenyl, or 
methoxyphenyl; and 

further provided that when W is -QCO-OVSR 2 , the carbon atom in Y 1 that is 
attached to W is unsubstituted or is substituted with other than amino, acylarruno, 
alkoxycarbonyl, or carbamoyl. 

In another embodiment, the novel inhibitors of histohe deacetylase are 
represented by formula (2): 

Cy -Y 2 -W (2) 

wherein 

Cy is cycloalkyl, aryl, or a radical of a heterocyclic moiety, any of which 
may be optionally substituted; 

Y 2 is Cj-Q alkylene, wherein said alkylene may be optionally substituted, 
and wherein one or two carbon atoms in the linear chain connecting Cy and W 
may be replaced with O, NR 3 , or S(0)„, where R 3 is hydrogen, alkyl, aryl, ar alkyl, 
sulfonyl, acyl, alkoxycarbonyl, or carbamoyl, and n is 0, 1, or 2, provided that Y 2 
does not comprise an ester or amide linkage in the linear chain connecting Cy and 
W; and 

W is selected from the group consisting of -QCO-CHj-SR 2 , 
-NH-C(0)-NH-Z, and -C(0)-NH-Z, where 

R 2 is alkyl, aryl, aralkyl, or acyl, wherein the aryl portion of any such 
groups may be optionally substituted; and 

Z is selected from the group consisting of anilinyl, pyridyl, thiazolyl, 
hydroxyphenyl, thiadiazolyl, anilinylmethyl, or pyridylmefhyl, any of 
which groups optionally may be substituted with halo, hydroxy, amino, 
nitro, Q-C 4 alkyl, or C.-Q alkoxy; 

4 



Copied from. 1 0522823 on 02/25/2008 



WO 01/70675 



PCT/IB01/00683 



provided that when W is -QOV-CHj-SR 2 , the carbon atom in Y 2 that is attached to 
W is unsubstituted or is substituted with other than amino, acylamino, 
alkoxycarbonyl, or carbamoyl. 

In yet another embodiment, the novel inhibitor of histone deacetylase is 
represented by formula (3): 

Cy-S(0) 2 -NH-Y 3 -W (3) 

wherein 

Cy is cycloalkyl, aryl, or a radical of a heterocyclic moiety, any of which 
may be optionally substituted, provided that Cy is other than 
dimemylaminonaphthyl when Y 3 is -(CKQj-; 

Y 3 is Cj-Cj alkylene, wherein said alkylene may be optionally substituted 
with one or more substituents independently selected from the group consisting 
of halo, hydroxy, oxo, nitro, haloalkyl, alkyl, aralkyl, alkoxy, aryloxy, carboxy, 
hydroxyalkyl, acyl, acyloxy, and cyano; and 

W is selected from the group consisting of -CXCO-CH^SR 2 , -C(0)-NH-OM, 
-NH-C(0)-NH-Z, and -C(0)-NH-Z, where 

R 2 is alkyl, aryl, aralkyl, or acyl, wherein the aryl portion of any such 

groups may be optionally substituted; 

M is hydrogen or a pharmaceutically acceptable cation; and 

Z is selected from the group consisting of anilinyl, pyridyl, thiazolyl, 

hydroxyphenyl, thiadiazolyl, anilinylmethyl, or pyridylmethyl, any of 

which groups optionally may be substituted with halo, hydroxy, amino, 

nitro, C,-C 4 alkyl, or alkoxy; 
provided that Z does not have the formula -(C s H 3 N)-NHC(0)-Y 3 -NH-S(0) J -Cy. 

In still yet another embodiment, the novel inhibitor of histone deacetylase 
is represented by one of formulae (4)-(7): 

5 • 
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(4) 



(5) 



(6) 



(7) 



10 In a second aspect, the invention provides a pharmaceutical composition 

comprising an inhibitor of histone deacetylase represented by any one of formulae 
(l)-(7) and a pharmaceutical^ acceptable carrier, excipient, or diluent. 

In a third aspect, the invention provides a method of inhibiting histone 
deacetylase in a cell, comprising contacting a cell in which inhibition of histone 
15 deacetylase is desired with an inhibitor of histone deacetylase represented by any 
one of formulae (l)-(7). 



6 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The invention provides compounds and methods for inhibiting histone 
deacetylase enzymatic activity. The invention also provides compositions and 
methods for treating cell proliferative diseases and conditions. The patent and 
5 scientific literature referred to herein establishes knowledge mat is available to 

those with skill in the art The issued patents, applications, and references that are 
cited herein are hereby incorporated by reference to the same extent as if each was 
specifically and individually indicated to be incorporated by reference. In the 
case of inconsistencies, the present disclosure will prevail. 
10 For purposes of the present invention, the following definitions will be 

used: 

As used herein, the terms "histone deacetylase" and "HDAC" are intended 
to refer to any one of a family of enzymes that remove acetyl groups from the e- 
arnino groups of lysine residues at the N-terminus of a histone. Unless otherwise 

15 indicated by context, the term "histone" is meant to refer to any histone protein, 
including HI, H2A, H2B, H3, H4, and H5, from any species. Preferred histone 
deacetylases include class I and class II enzymes. Preferably the histone 
deacetylase is a human HDAC, including, but not limited to, HDAC-1, HDAC-2, 
HDAC-3, HDAC-4, HDAC-5, HDAC-6, HDAC-7, and HDAC-8. In some other 

20 preferred embodiments, the histone deacetylase is derived from a protozoal or 
fungal source. 

The term "histone deacetylase inhibitor" or "inhibitor of histone 
deacetylase" is used to identify a compound having a structure as denned herein, 
which is capable of interacting with a histone deacetylase and inhibiting its 
25 enzymatic activity. Inhibiting histone deacetylase enzymatic activity means 
reducing the ability of a histone deacetylase to remove an acetyl group from a 
histone. In some preferred embodiments, such reduction of histone deacetylase 
activity is at least about 50%, more preferably at least about 75%, and still more 
preferably at least about 90%. In other preferred embodiments, histone 
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deacetylase activity is reduced by at least 95% and more preferably by at least 
99%. 

Preferably, such inhibition is specific, i.e., the historic deacetylase inhibitor 
reduces the ability of a histone deacetylase to remove an acetyl group from a 
5 histone at a concentration that is lower than the concentration of the inhibitor that 
is required to produce another, unrelated biological effect. Preferably, the 
concentration of the inhibitor required for histone deacetylase inhibitory activity 
is at least 2-fold lower, more preferably at least 5-fold lower, even more preferably 
at least 10-fold lower, and most preferably at least 20-fold lower than the 
10 concentration required to produce an unrelated biological effect. 

The term "alkyl" as employed herein refers to straight and branched chain 
aliphatic groups having from 1 to 12 carbon atoms, preferably 1-8 carbon atoms, 
and more preferably 1-6 carbon atoms, which may be optionally substituted with 
one, two or three substituents. Unless otherwise explicitly stated, the term "alkyl" 
15 is meant to include saturated, unsaturated, and partially unsaturated aliphatic 

groups. When unsaturated groups are particularly intended, the terms "alkenyl" 
or "alkynyl" will be used. When only saturated groups are intended, the term 
"saturated alkyl" will be used. Preferred saturated alkyl groups include, without 
limitation, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, ferf-butyl, 
20 pentyl, and hexyl. 

An "alkylene" group is an alkyl group, as defined hereinabove, that is 
positioned between and serves to connect two other chemical groups. The term 
"alkylene" includes saturated, unsaturated and partially unsaturated alkyl groups. 
Where the term "alkylene" includes a descriptor indicating the number of carbon 
25 atoms or a range in the number of carbon atoms, e.g., C s alkylene, the number of 
carbon atoms refers to the length of the linear chain connecting the two chemical 
groups between which the alkylene group is positioned. Any of the carbon atoms 
of the alkylene group may be optionally substituted, as described below, and the 
substituents may contain additional carbon atoms. 

8 
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The term "cycloalkyl" as employed herein includes saturated and partially 
unsaturated cyclic hydrocarbon groups having from 3 to about 12 carbons, 
preferably from 3 to about 8 carbons, and more preferably from 3 to about 6 
carbons, wherein the cycloalkyl group additionally may be optionally substituted. 
Preferred cycloalkyl groups include, without limitation, cydopropyl, cydobutyl, 
cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, cycloheptyl, and cyclooctyl. 

An "aryl" group is a C 6 -C, 4 aromatic moiety comprising one to three 
aromatic rings, which may be optionally substituted. Preferably, the aryl group is 
a Q-Q,, aryl group. Preferred aryl groups include, without limitation, phenyl, 
naphthyl, anthracenyl, and fluorenyl. An "aralkyl" or "arylalkyl" group comprises 
an aryl group covalently linked to an alkyl group, either of which may 
independently be optionally substituted or unsubstituted. Preferably, the aralkyl 
group is (Q-QalktQ-CJaryl, including, without limitation, benzyl, phenethyl, 
and naphthylmethyl. An "alkaryl" or "alkylaryl" group is an aryl group having 
one or more alkyl substituents. Examples of alkaryl groups include, without 
limitation, tolyl, xylyl, mesityl, ethylphenyl, terf-butylphenyl, and 
methylnaphthyl. 

A "heterocyclic moiety" or "heterocyclyl" is a ring structure having from 
about 3 to about 8 atoms, wherein one or more atoms are selected from the group 
consisting of N, O, and S. In some embodiments, the heterocyclic group is 
saturated or partially saturated. In these embodiments, the heterocyclic group 
may be optionally substituted on carbon at one or more positions, and may also 
independently be substituted on nitrogen with alkyl, aryl, aralkyl, alkylcarbonyl, 
alkylsulfonyl, arylcarbonyl, arylsulfonyl, alkoxycarbonyl, aralkoxycarbonyl, or on 
sulfur with oxo or lower alkyL Preferred saturated heterocyclic groups include, 
without limitation, epoxy, aziridinyl, tetrahydrofuranyl, pyrrolidinyl, piperidinyl, 
piperazinyl, thiazolidinyl, oxazolidinyl, oxazolidinonyl, and morpholino. In 
certain preferred embodiments, the heterocyclic group is fused to an aryl or 
heteroaryl group. Examples of such fused heterocyles include, without limitation, 
tetrahydroquinoline and dihydrobenzofuran. 

9 
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In some other embodiments, the heterocyclic moiety is a heteroaryl group. 
As used herein, the term "heteroaryl" refers to groups having 5 to 14 ring atoms, 
preferably 5, 6, 9, or 10 ring atoms; having 6, 10, or 14 it electrons shared in a 
cyclic array; and having, in addition to carbon atoms, from one to about three 
heteroatoms selected from the group consisting of N, O, and S. Preferred 
heteroaryl groups include, without limitation, thienyl, benzothienyl, furanyl, 
benzofuranyl, dibenzofuranyl, pyrrolyl, imidazolyl, pyrazolyl, pyridyl, pyrazinyl, 
pyrimidinyl, indolyl, quinolinyl, isoquinolinyl, qumoxalinyl, tetrazolyl, oxazolyl, 
thiazolyl, and isoxazolyl. 

As employed herein, a "substituted" alkyl, cycloalkyl, aryl, heteroaryl, or 
heterocyclic group is one having from one to about four, preferably from one to 
about three, more preferably one or two, non-hydrogen substituents. Suitable 
substituents include, without limitation, halo, hydroxy, oxo, oxirnino, nitro, 
haloalkyl, alkyl, alkaryl, aryl, aralkyl, alkoxy, aryloxy, amino, acylamino, 
alkylcarbamoyl, arylcarbamoyl, aminoalkyl, alkoxycarbonyl, carboxy, 
hydroxyalkyl, alkanesulfonyl, arenesulfonyl, alkanesulfonamido, 
arenesulfonamido, aralkylsulfonamido, acyl, acyloxy, cyano, and ureido groups. 

The term "halogen" or "halo" as employed herein refers to chlorine, 
bromine, fluorine, or iodine. 

As herein employed, the term "acyl" refers to an alkylcarbonyl or 
arylcarbonyl substituent. 

The term "acylamino" refers to an amide group attached at the nitrogen 
atom. The term "carbamoyl" refers to an amide group attached at the carbonyl 
carbon atom. The nitrogen atom of an acylamino or carbamoyl substituent may 
be additionally substituted. The term "sulfonamido" refers to a sulfonamide 
substituent attached by either the sulfur or the nitrogen atom. Unless otherwise 
explicitly limited, the term "amino" is meant to include NHj, alkylamino, 
dialkylamino, arylamino, aralkylarnino, and cyclic amino groups. 

The term "oxunino" refers to a =N(OH) or =N(OR) group, wherein R is 
alkyl, aryl, aralkyl, sulfonyl, or acyl. Unless otherwise explicitly limited, the term 

10 
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"oximino" is meant to include oximes of either E- or Z-configuration, or mixtures 
thereof. 

The term "ureido" as employed herein refers to a substituted or 
unsubstituted urea moiety. 

Compounds 

In a first aspect, the invention provides novel inhibitors of histone 
deacetylase. In a first embodiment, the novel inhibitors of histone deacetylase are 
represented by formula (1): 



may be optionally substituted; 

X is selected from the group consisting of C=0, 0=0^, CH(OH), CHCOR 1 ), 
C=N(OH) / and C=N(OR l ), where R 1 is alkyl, aryl, aralkyl, or acyl; 

Y l is a Q-C, alkylene, wherein said alkylene may be optionally substituted, 
and wherein one or two carbon atoms in the linear chain connecting X and W may 
be replaced with O, MR 3 , or S(0)„, where R 3 is hydrogen, alkyl, aryl, aralkyl, 
sulfonyl, acyl, alkoxycarbonyl, or carbamoyl, and n is 0, 1, or 2, provided that the 
atoms in Y 1 that are attached to X and to W are carbon atoms, and further 
provided that Y 1 does not comprise an ester or amide linkage in the linear chain 
connecting X and W; and 

W is selected from the group consisting of -CCO-CH.-SR 2 , -C(0)-NH-OM, 
-NH-C(0)-NH-Z, and -C(0)-NH-Z, where 

R* is alkyl, aryl, aralkyl, or acyl, wherein the aryl portion of any such 
groups may be optionally substituted; 



Cy-X-Y-W 



(1) 



wherein 



Cy is cydoalkyl, aryl, or a radical of a heterocyclic moiety, any of which 



M is hydrogen or a pharmaceutical^/ acceptable cation; 



11 
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Z is selected from the group consisting of anilinyl, pyridyl, thiazolyl, 
hydroxyphenyl, thiadiazolyl, anilinylmethyl, or pyridylmethyl, any of 
which groups optionally may be substituted with halo, hydroxy, amino, 
nitro, Q-Q alkyl, or Q-Qalkoxy; 
5 provided that X is C=CH^, CHCOR 1 ), C=N(OH), or C=N(OR 1 ) when W is 
-C(0)-NH-OM and Cy is unsubstituted phenyl, dimethylarninophenyl, or 
methoxyphenyl; and 

further provided that when W is -C^-CHj-SR 2 , the carbon atom in Y 1 that is 
attached to W is unsubstituted or is substituted with other than amino, acylamino, 
10 alkoxycarbonyl, or carbamoyl. 

In certain preferred embodiments according to this aspect of the invention, 
Cy is CfC^ cydoalkyl, more preferably G,-C 8 cydoalkyl, most preferably C,-C 6 
cycloalkyl, any of which may be optionally substituted. In certain other preferred 
embodiments, Cy is C 6 -C 14 aryl, more preferably C 6 -C 10 aryl, and most preferably 

15 phenyl or naphthyl, any of which may be optionally substituted. 

In still yet other preferred embodiments, Cy is a radical of a heterocyclic 
moiety. In some preferred embodiments, the heterocycle is selected from the 
group consisting of thiophene, benzothiophene, furan, benzofuran, pyridine, 
quinoline, indole, isoquinoline, thiazole, morpholine, piperidine, and piper azine, 

20 any of which may be optionally substituted. 

Unless otherwise stated, substituted alkyl, aryl, or heterocyclic groups 
preferably have from one to about four, preferably from one to about three, more 
preferably one or two substituents, which are preferably selected from the group 
consisting of Q-C 6 alkyl, preferably Q-C 4 alkyl; halo, preferably O, Br, or F; 

25 haloalkyl, preferably (halo^Q-C^alkyl, more preferably (halo^CQ-CJalkyl, and 
most preferably CFy Q-C, alkoxy, preferably methoxy, ethoxy, or benzyloxy; 
Q 0 aryloxy, preferably phenoxy; heteroaryloxy; C r C 6 alkoxycarbonyl, preferably 
Q-G, alkoxycarbonyl, most preferably carbomethoxy or carboethoxy; C.-C,,, 
aryloxycarbonyl, preferably carbophenoxy; heteroaryloxycarbonyl; C 4 -C I0 aryl, 
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preferably phenyl; (Q-CJarCQ-CJalkyl, preferably (Q-qjarfQ-QalkyI, more 
preferably benzyl, naphthylmethyl or phenethyl; hydroxyCQ-CJalkyl, preferably 
hydroxy^-CJalkyl, more preferably hydroxymethyl; aminoCQ-Qalkyl, 
preferably ammoCQ-Cyalkyl, more preferably aminomethyl; (C r C^alkylamino, 
preferably memylarnino, ethylamino, or propylamino; di-(Q-CJalkylamino, 
preferably dimethylamino or diethylarrurio; (Q-Qalkylcarbamoyl, preferably 
methylcarbamoyl, dimethylcarbamoyl, or benzylcarbamoyl; (C 6 - 
CJarylcarbamoyl, preferably phenylcarbamoyl; (Q-CJalkaneacylamino, 
preferably acetylamino; (C 6 -CJareneacylamino, preferably benzoylamino; (C,- 
C 6 )alkanesulfonyl, preferably methanesulfonyl; (Q-Qalkanesulfonamido, 
preferably methanesulfonamido; (C 6 -C Jarenesulfonyl, preferably 
benzenesulfonyl or toluenesulfonyl; (C 6 -C Jarenesulfonamido, preferably 
benzenesulfonyl or toluenesulfonyl; (C 6 -C 10 )ar(C l -C 6 )alkylsulfonamido, preferably 
benzylsulfonamido;C 1 -C 6 alkylcarbonyl / preferably C r C 3 alkylcarbonyl, more 
preferably acetyl; (Q-CJacyloxy, preferably acetoxy; cyano; amino; carboxy; 
hydroxy; ureido; and nitro. One or more carbon atoms of an alkyl, cycloalkyl, or 
heterocyclyl group may also be optionally substituted with an oxo or oxirnino 
group. 

In some preferred embodiments, Cy is substituted by one or two 
substituents independently selected from the group consisting of Q-C, alkyl, Q-C, 
haloalkyl, C.-C,, aryl, (C.-CJarCCrQalkyl, halo, nitro, hydroxy, Q-C, alkoxy, C 6 - 
C l0 aryloxy, heteroaryloxy, Q-C, alkoxycarbonyl, C 6 -C 10 aryloxycarbonyl, 
heteroaryloxycarbonyl, carboxy, and amino. Preferably, the amino group is 
selected from the group consisting of NHj, (Q-Qalkylamino, diCQ- 
CJalkylamino, (C 6 -C Jarylarrdno, and (C 6 -C Jar(Q-Qalkylamino. 

In certain particularly preferred embodiments, Cy has the formula -Cy 1 -Cy 2 
or -Cy'-G-Cy*, wherein Cy* and Cy* are independently C,-C 6 cycloalkyl, Q-C^, aryl, 
or a radical of a heterocyclic moiety, which groups optionally may be substituted, 
and G is O, NR 9 , or S(0)„, where R 3 is hydrogen, alkyl, aryl, aralkyl, sulf onyl, acyl, 
alkoxycarbonyl, or carbamoyl, and n is 0, 1, or 2. Preferably, Cy 1 and Cy 2 are 
independently selected from the group consisting of phenyl, pyridinyl, 
13 
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morpholinyl, piperidinyl, piperazinyl, which groups optionally may be 
substituted. 

In some preferred embodiments, X is C=0, C=CH 2/ C=N(OH), and 
C=N(OR l ), where R 1 is C r C 6 alkyl, C 6 -C 10 aryl, or (Q-CJarCQ-CJalkyl. More 
preferably, R 1 is Q-C 4 alkyl, and still more preferably R 1 is methyl. When X is 
C=N(OH) or C=N(OR 1 ), it may be in either the (E)- or (Z)-configuration, or it may 
be a mixture of the two. In some preferred embodiments, the C=N(OH) or 
C=N(OR 1 ) group is in the (E)-configuration. Most preferably, X is C=0 or 
C=N(OH), provided, however, that X is not C=0 when W is -C(0)-NH-OM and 
Cy is unsubstituted phenyl, dimemylaminophenyl, or methoxyphenyl. 

In some other preferred embodiments, X is CH(OH) or CH^R 1 ), where R 1 
is C,-C 6 alkyl, Q-C, aryl, or (Q-CJarCC^CJalkyL The CH(OH) or CHfOR 1 ) group 
may be of either (R)- or (S)-stereochemistry, or it may be a mixture of the two. 
Preferably, X is CH(OH) or CH(OR'), where R 1 is Q-C 4 alkyl, provided, however, 
that X is not CH(OH) when W is -C(0)-NH-OM and Cy is unsubstituted phenyl, 
dimemylaminophenyl, or methoxyphenyl. In certain particularly preferred 
embodiments, X is CH(OMe). 

Y 1 i s a Cj-Cy alkylene, wherein said alkylene may be optionally substituted. 
Preferably Y 1 is a Q-C, alkylene, more preferably a Q-Q alkylene, and most 
preferably a C, or C 6 alkylene. The alkylene may be saturated, unsaturated, or 
partially unsaturated. In certain preferred embodiments, Y 1 comprises an all- 
carbon linear chain connecting X and W. In certain other preferred embodiments, 
one or two carbon atoms in the linear chain connecting X and W are replaced with 
O, NR. 3 , or S(0)„, where R 3 is hydrogen, alkyl, aryl, aralkyl, sulf onyl, acyl, 
alkoxycarbonyl, or carbamoyl, and n is 0, 1, or 2, provided that the atoms in Y 1 
that are attached to X and to W are carbon atoms, and further provided that Y 1 
does not comprise an ester or amide linkage in the linear chain connecting X and 
W. In certain particularly preferred embodiments, Y 1 is -(CH J )-S(0) B -(CH 1 ) p , 
where n is 0, 1, or 2, and p is 3, 4, or 5. 
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In some preferred embodiments, Y 1 comprises a dienyl moiety, wherein the 
dienyl moiety is attached to W. Preferably, the dienyl moiety is of the E,E- 
configuratioru In certain particularly preferred embodiments, Y 1 has one of the 
following structures: 

5 JO^/^X / Me Me , and Me Me 

In some other preferred embodiments, Y 1 is fully saturated and has the formula 
-(CHj)^ where m is 5, 6, or 7. 

In some preferred embodiments, W is -C(0)-NH-OM, M being hydrogen or 
any pharmaceutical^ acceptable cation. Examples of pharmaceutically acceptable 
10 cations include, without limitation, sodium, potassium, magnesium, and calcium. 

In some other preferred embodiments, W is -QOyOEVSR 2 . R 2 is preferably 
selected from the group consisting of alkyl, preferably Q-Cg alkyl, more 
preferably Q-Q alkyl, most preferably methyl; aryl, preferably Q-Q, aryl, more 
preferably phenyl or naphthyl; aralkyl, preferably (Q-CJarCQ-CJalkyl, more 
15 preferably (Q-CJar^-C^alkyl, most preferably benzyl or naphthylmethyl; 
alkylcarbonyl, preferably (Q-Q alkyl)carbonyl, more preferably (Q-Q 
alkyl)carbonyl, still more preferably acetyl; arylcarbonyl, more preferably (Q-C,,, 
aryl)carbonyl, still more preferably benzoyl; and aralkylcarbonyl, preferably (C 6 - 
CJarCQ-CJalkylcarbonyl, more preferably (C.-CJar^-CJalkylcarbonyl, still 
20 more preferably benzylcarbonyl. The aryl portion of any such groups may be 
optionally substituted. 

In some other preferred embodiments, W is -C(0)-NH-Z or 
-NH-C(0)-NH-Z. Z is preferably selected from the group consisting of anilinyl, 
pyridyl, thiazolyl, hydroxyphenyl, thiadiazolyl, anilinylmethyl, or pyridylmethyl, 
25 any of which groups optionally may be substituted with halo, hydroxy, amino, 
nitro, C,-C« alkyl, or Q-C, alkoxy. More preferably, Z is selected from the group 
consisting of 2-anilinyl, 2-pyridyl, 2-hydroxyphenyl, 1 A4-thiadiazol-2-yl, 2- 
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anilmyhnethyl, and 2-pyridylmethyl. In certain particularly preferred 
embodiments, Z is unsubstituted 2-anilinyl or unsubstituted 2-pyridyL 

In a second embodiment, the novel inhibitors of histone deacetylase are 
represented by formula (2): 

C y-Y J -W (2) 

wherein 

Cy is cycloalkyl, aryl, or a radical of a heterocyclic moiety, any of which 
may be optionally substituted; 

Y 2 is C s -C, alkylene, wherein said alkylene may be optionally substituted, 
and wherein one or two carbon atoms in the linear chain connecting Cy and W 
may be replaced with O, MR 3 , or S(0)„, where R s is hydrogen, alkyl, aryl, aralkyl, 
sulfonyl, acyl, alkoxycarbonyl, or carbamoyl, and n is 0, 1, or 2, provided that Y 2 
does not comprise an ester or amide linkage in the linear chain connecting Cy and 
W;and 

W is selected from the group consisting of -QCO-CHj-SR 2 , 
-NH-C(0)-NH-Z, and -C(0)-NH-Z, where 

R 2 is alkyl, aryl, aralkyl, or acyl, wherein the aryl portion of any such 

groups may be optionally substituted; and 

Z is selected from the group consisting of anilinyl, pyridyl, thiazolyl, 

hydroxyphenyl, thiadiazolyl, anilinylmethyl, or pyridylmethyl, any of 

which groups optionally may be substituted with halo, hydroxy, amino, 

nitro, Q-C 4 alkyl, or C,-C 4 alkoxy; 
provided that when W is -C^-Cl^-SR 2 , the carbon atom in Y 2 that is attached to 
W is unsubstituted or is substituted with other than amino, acylarnino, 
alkoxycarbonyl, or carbamoyl. 

In certain preferred embodiments according to this aspect of the invention, 
Cy is Q-Cu cycloalkyl, more preferably Q-Q, cydoalkyl, most preferably Q-C, 
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cycloalkyl, any of which may be optionally substituted. In certain other preferred 
embodiments, Cy is Q-Q, aryl, more preferably Q-Qo ^Y l > 311(1 most P ref erably 
phenyl or naphthyl, any of which may be optionally substituted. 

In still yet other preferred embodiments, Cy is a radical of a heterocyclic 
5 moiety. In some preferred embodiments, the heterocycle is selected from the 
group consisting of thiophene, benzothiophene, fur an, benzofuran, pyridine, 
quinoline, indole, isoquinoline, thiazole, morpholine, piperidine, piperazine, 
quinazolinone, benzotriazinone, phmalimide, and dioxobenzoisoquinoline, any of 
which may be optionally substituted. Preferred substituents are as described 
10 above for the inhibitors of formula (1). 

In certain particularly preferred embodiments, Cy has the formula -Cy'-Cy 1 
or -Cy'-G-Cy 2 , wherein Cy 1 and Cy* are independently C 3 ~C 6 cycloalkyl, C,-C„ aryl, 
or a radical of a heterocyclic moiety, which groups optionally may be substituted, 
and G is O, NR 3 , or S(0)„, where R 3 is hydrogen, alkyl, aryl, aralkyl, sulfonyl, acyl, 
15 alkoxycarbonyl, or carbamoyl, and n is 0, 1, or 2. Preferably, Cy 1 and Cy 2 are 
independently selected from the group consisting of phenyl, pyridinyl, 
morpholinyl, piperidinyl, piperazinyl, which groups optionally may be 
substituted. 

Preferred values for W, R 2 , and Z are as defined above for the inhibitors of 
20 formula (1). 

Y* is C 5 -Cj alkylene, wherein said alkylene may be optionally substituted 
and may be saturated, unsaturated, or partially unsaturated. In certain preferred 
embodiments, Y 2 comprises an all-carbon linear chain connecting Cy and W. In 
some preferred embodiments, Y comprises a dienyl moiety, wherein the dienyl 
25 moiety is attached to W. Preferably, the dienyl moiety is of the E,E-configuration. 
In certain particularly preferred embodiments, Y 2 has one of the following 
structures: 
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, Me Me , and Me We . In some other 

particularly preferred embodiments, Y 1 is fully saturated and has the formula 
-(CH^ where m is 5, 6, or 7. 

In certain other preferred embodiments, one or two carbon atoms in the 
linear chain connecting Cy and W are replaced with O, NR 3 , or S(0)„, where R 3 is 
hydrogen, alkyl, aryl, aralkyl, sulfonyl, acyl, alkoxycarbonyl, or carbamoyl, and n 
is 0, 1, or 2, provided that Y* does not comprise an ester or amide linkage in the 
linear chain connecting Cy and W. In some preferred embodiments, one or two 
carbon atoms in the linear chain connecting Cy and W are replaced by O. 

In some other preferred embodiments, one carbon atom in the linear chain 
connecting Cy and W is replaced with NR 3 , where R 3 is preferably selected from 
the group consisting of C,-C 6 alkyl, more preferably C,-Q alkyl, most preferably 
methyl; C 6 -C 10 aryl, preferably phenyl or naphthyl; (QCJarCQC^alkyl, more 
preferably (Q-CJarCQ-CJalkyl, most preferably benzyl or naphthylmethyl; (Q-C 6 
alkyl)oxycarbonyl, more preferably (C,-C 4 alkyl)oxycarbonyl, most preferably tert- 
butyloxycarbonyl; (C^C^ aryl)oxycarbonyl, preferably phenyloxycarbonyl; and 
((Q-CJar^-C^alkylJoxycarbonyl, preferably ((C 6 -CJar(C l -C 4 )alkyl)oxycarbonyl, 
more preferably benzyloxycarbonyl; and acyl, preferably Q-Q alkylcarbonyl or 
Q.-Q0 arylcarbonyl, more preferably Q-C, alkylcarbonyl or C 6 -C u arylcarbonyl, 
more preferably acetyl or benzoyl. 

In yet another embodiment, the novel inhibitor of histone deacetylase is 
represented by formula (3): 

Cy-S(0) 2 -NH-Y 3 -W (3) 

wherein 

Cy is cycloalkyl, aryl, or a radical of a heterocyclic moiety, any of which 
may be optionally substituted, provided that Cy is other than 
dimemylaminonaphthyl when Y 3 is -(CHj) 3 -; 
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Y 3 is Q-Q alkylene, wherein said alkylene may be optionally substituted 
with one or more substituents independently selected from the group consisting 
of halo, hydroxy, oxo, nitro, haloalkyl, alkyl, aralkyl, alkoxy, aryloxy, carboxy, 
hydroxyalkyl, acyl, acyloxy, and cyano; and 

W is selected from the group consisting of -QOJ-CrVSR 2 , -C(0)-NH-OM, 
-NH-C(0)-NH-Z, and -C(0)-NH-Z, where 

R 2 is alkyl, aryl, aralkyl, or acyl, wherein the aryl portion of any such 
groups may be optionally substituted; 

M is hydrogen or a pharmaceutical^ acceptable cation; and 
Z is selected from the group consisting of anilinyl, pyridyl, thiazolyl, 
hydroxyphenyl, thiadiazolyl, anilinylmethyl, or pyridylmethyl, any of 
which groups optionally may be substituted with halo, hydroxy, amino, 
nitro, Q-Q alkyl, or Q-Q alkoxy; 
provided that Z does not have the formula -<C 5 H 3 N)-NHC(0)-Y 3 -NH-S(0) 2 -Cy. 

Preferred substituents Cy and W for the histone deacetylase inhibitors of 
formula (3) are as defined above for the inhibitors of formula (1). 

Y 3 is a Q-Q alkylene, more preferably a Q-Q alkylene, which may be 
saturated, unsaturated, or partially unsaturated. The Q-Q alkylene optionally 
may be substituted with from one to about four, preferably from one to about 
three, and more preferably one or two, non-hydrogen substituents independently 
selected from the group consisting of halo, preferably Q, Br, or F; hydroxy, oxo, 
nitro, haloalkyl, preferably (haloX^Q-Qalkyl, more preferably (halo) w (Q- 
Q)alkyl, and most preferably CF^ alkyl, preferably Q-Q alkyl, more preferably 
Q-Q alkyl; aralkyl, preferably (Q-CJa^Q-C^alkyl, more preferably (Q-Q„)ar(Q- 
Q)alkyl, and still more preferably benzyl, naphthylmethyl or phenethyl; alkoxy, 
preferably Q-Q alkoxy, more preferably methoxy, ethoxy, or benzyloxy; aryloxy, 
preferably Q.-Q 0 aryloxy, more preferably phenoxy; alkoxycarbonyl, preferably 
Q-Q alkoxycarbonyl, more preferably Q-Q alkoxycarbonyl, and still more 
preferably carbomethoxy or carboethoxy; carboxy, hydroxyalkyl, preferably 
19 
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hydroxyCQ-Qalkyl, more preferably hydroxyCQ-Qalkyl, and still more 
preferably hydroxymethyl; acyl, preferably Q-Q alkylcarbonyl or C 6 -Q 0 
arylcarbonyl, more preferably Q-G, alkylcarbonyl or C 6 -C 10 arylcarbonyl, more 
preferably acetyl or benzoyl; acyloxy, preferably Cj-C 6 alkylcarbonyloxy or C 6 <^ 0 
arylcarbonyloxy, more preferably C.-Q alkylcarbonyloxy or C 6 -C,„ 
arylcarbonyloxy, and still more preferably acetoxy or benzoyloxy; and cyano. 

In a still yet another embodiment, the novel histone deacetylase inhibitor is 
represented by one of formulae (4)-(7): 




"NHOH 



(4) 




1HOH 



(5) 




(6) 




Synthesis 

Compounds of formula (1), wherein Y 1 has the structure 




formula (2), wherein Y 2 has the structure 




preferably may be 
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prepared according to the synthetic route depicted in Scheme 1. Thus, a dialkyl 
acetal I is treated with l-trirnethylsilyloxy-l>butadiene in the presence of zinc 
bromide to afford the aldehyde II. Wittig reaction of II with a carboalkoxy 
phosphorous ylid such as ethyl (triphenylphosphoranylidene)acetate affords the 
diene ester in. Hydrolysis of the ester function in III can be effected by treatment 
with a hydroxide base, such as lithium hydroxide, to afford the corresponding 
acid IV. 

The acid IV is converted to the corresponding acid chloride V according to 
standard methods, e.g., by treatment with sodium hydride and oxalyl chloride. 
Treatment of V with 2-aminopyridine and a tertiary base such as N-methyl- 
morpholine, preferably in dichloromethane at reduced temperature, then affords 
the pyridyl amide VII. In a similar fashion, the acid chloride IV may be treated 
with 1,2-phenylenediamine to afford the arulinyl amide VIII. Alternatively, the 
acid chloride V may be treated with a mono-protected 1,2-phenylenediamine, 
such as 2-(f-BOC-amino)aniline, followed by deprotection, to afford VIII. 

In another alternative procedure, the acid IV may be activated by 
treatment with carbonyldiimidazole (CDI), followed by treatment with 1,2- 
phenylenediamine and trifluoroacetic acid to afford the arulinyl amide VUL 

Similar procedures may be employed for the preparation of the 
hydroxamic acid VI. Thus, in some embodiments, the acid IV is converted to the 
corresponding acid chloride V, followed by the addition of a protected 
hydroxylamine such as O-trimemylsuymydioxylairtine in a solvent such as 
methylene chloride to form an O-silyl hydroxamate, which then provides the 
hydroxamic acid VI upon workup. 
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Scheme 1 




Alternatively, in some other embodiments, the acid IV is directly coupled 
5 with a protected hydroxylarnine, such as fert-butyldimemylsaylhydroxylamine 
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(TBDMSONHj). The coupling reaction is preferably accomplished with a 
coupling reagent such as carb ony ldiimid azole (CDI) in a solvent such as 
tetrahydrofuran (THF). Other coupling reagents are known in the art and may 
also be used for this reaction. When the protected hydroxylamine is a 
silylhydroxylamine, hydrolysis of the silyl ester occurs upon workup to afford the 
hydroxamic acid VI. When other protected hydroxylamines are employed, a 
separate deprotection step may be required. 

Compounds of formula (1), wherein Y 1 has the structure *** Me or 




, and compounds of formula (2), wherein Y 2 has the structure 



, preferably may be prepared according to the 
synthetic route depicted in Scheme 2. Thus, a dialkyl acetal I is treated with 
2-methyl-l-(trimethylsilyloxy)-l-propene in the presence of zinc bromide to afford 
the aldehyde DC. Wittig reaction of IX with a carboalkoxy phosphorous ylid such 
as ethyl (triphenylphosphoranylidene)acetate affords the a,f>unsaturated ester X. 
The ester function in X is reduced to the alcohol with a reducing agent such as 
DIBAL-H, and then reoxidized to the corresponding aldehyde with an oxidizing 
agent such as pyridinium sulfur trioxide complex. Other reducing and oxidizing 
agents are well known in the art, and may also be used in these reactions. 

Homologation of the resultant aldehyde is accomplished by treatment with 
a carboalkoxy phosphorous ylid such as ethyl (triphenylphosphoranylidene)- 
acetate to afford the diene ester XI, which is hydrolyzed by treatment with a 
hydroxide base, such as lithium hydroxide to provide the corresponding acid XQ. 
The remaining synthetic steps proceed as described above for Scheme 1. 



OMe QMe 
NfeMe or Me Me 
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Scheme 2 




Compounds of formula (1), wherein Y 1 has the structure «** L and 

OMe 

compounds of formula (2), wherein Y 2 has the structure «• «e preferably 
may be prepared by procedures analogous to those already described, as 
illustrated in Scheme 3. Compounds XXH, wherein Y 2 has the structure 



We mo . 



, may be prepared from the corresponding methoxy substituted 
compounds XXI by oxidation with Z^oicWoro-^eKhcyano-lAbenzoquinone 
(DDQ). 
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Scheme 3 



OMe 



ZnBf 2 



Me M- 
1. CDI, THF 



Ph3P=CH 2 CX>s 
Me Me 

xva 



Me Me " NHa 

XXII 



Compounds of formula (2), wherein Y 2 has the structure 
preferably may be prepared as outlined in Scheme 4. Thus, the methoxy 
substituted diene ester XVII, prepared as described in Scheme 3, is treated with 
triethylsilane and boron trifluoride etherate to afford the deoxygenated 
compound XXIII. Conversion of XXIII to the hydroxamic acid XXV and the 
anilinylamide XXVI is accomplished by procedures analogous to those described 
above for Schemes 1-3. 
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Scheme 4 




XXVI 



The compounds of formula (3) are preferably prepared as outlined in 
Scheme 5. Thus, an acid of formula XXIX is esterified and then treated with a 
sulf onyl chloride, preferably in the presence of a tertiary amine such as 
triethylamine. Saponification with a base such as LiOH then affords the acid 
XXXI. Conversion of XXXI to the hydroxamic acid XXXH and the anilinylamide 
XXXIH is accomplished by procedures analogous to those described above for 
Schemes 1-3. 
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Scheme 5 






1. CySOaO, Et3N. 
CH2CI2, THF 



H 9 1. EDCHOBt H 9 

M^X_ U . THPON Ha DMF 



cT*o 



XXXI 

/) CDI.THF 



Compounds of formula (1), wherein X is C=0 or C=N(OH) are preferably 
prepared as outlined in Schemes 6 and 7. Thus, an acyl chloride is treated with 
the heterocuprate reagent XXXIV in a solvent such as THF to afford the ketone 
XXXV. Ester hydrolysis affords the acid XXXVI, which may be coupled with 
hydroxylamine or with 1,2-phenylenediarnine to afford the hydroxamic acid 
XXXVm or the anilinylamide XXXTX, respectively. Alternatively, coupling of the 
acid XXXVI with an excess of hydroxylamine affords the oximino hydroxamic 
acid XXXVII. 
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Scheme 6 



l(CuCN)ZnCH2(CH2feC0 2 Et 
XXXIV 



ft THF.0»C 



HQ, 

XXXVII 

qAy 1 "^! 



Cy^V^OEt 



XXXV 

UOH 



NHOH NHgOH • HCI 

EtsN 
XXXVIII 



1. CDI.7HF 



■M9 



Hydrogenation of the dienyl ester XI affords the saturated derivative XL, 
which is deoxygenated by treatment with triethylsilane and borontrifluoride 
etherate. Benzylic oxidation is then accomplished by treatment with N-bromo- 
sucdnimide in carbon tetrachloride, followed by treatment with bis(tetrabutyl- 
ammonium) dichromate to afford the ketone XLII. Ester hydrolysis and 
conversion to the hydroxamic acid are men accomplished by procedures 
analogous to those described above for Schemes 1-3. 
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Scheme 7 



EtsSW. 
BF 3 • EtjO 

XUI xu 

INNaOH. 
THF-MeOH 



"NHOH 

xuv 



The compound of formula (4) is preferably prepared as described in the 
Examples. 

Compounds of formula (1), wherein W is -NH-Z are preferably prepared as 
outlined in Scheme 8. Reduction of the ketoester XLV affords the diol XL VI, 
which is oxidized selectively at the benzylic position with manganese (IV) oxide 
to give the ketone XLVII. The primary alcohol is substituted for the bromide 
group to afford XXVIII which is then converted to the aniline XLDC 
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Scheme 8 




Carbamates (LI, X = O) and ureas (LI, X = NH) are preferably synthesized 
according to the route outlined in Scheme 9. Treatment of the carboxylic acid L 
with diphenylphosphoryl azide in the presence of triemylamine followed by in 
situ trapping of the resulting isocyanate with 1,2-phenylenediamine or 2- 
aminophenol affords the ureas LI. A similar procedure may be employed for the 
preparation of carbamates, by treating the isocyanate with pyridylcarbinol. 

Scheme 9 

& 

Compounds LV and LVL wherein Cy is a biaryl moiety, may be prepared 
according to the synthetic route depicted in Scheme 10. The bromobenzoyl ester 
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T.TT is treated with an heteroaryl- or arylboronic acids in presence of palladium(O) 
catalyst to afford esters Lin. Ester hydrolysis affords the acid LTV, which may be 
coupled with 1,2-phenylenediamine or with hydroxylamine to afford respectively 
the anilinyl amide LV or the hydroxamic acid LVI. 

5 Scheme 10 
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Compounds LIX, wherein Cy is an aminophenyl moiety, preferably may be 
prepared according to the synthetic route depicted in Scheme 11. The 
bromobenzoyl ester LII is coupled with an amine in the presence of 
dibenzylacetone palladium and 2 / 2'-bis(diphenylphosphino)-l,l'-binaphtyl to 
5 afford esters LVH. Ester hydrolysis affords the acid LVIH, which may be coupled 
with hydroxylamine to afford the hydroxamic acid LIX. 



Scheme 11 



UX EtgN R2 

R2 



1114-NaOH 
THF/MeOH 



10 Compounds LXIII-LXVII may be prepared according to the synthetic route 

depicted in Scheme 12. The aryl bromide is treated with n-butylHthium followed 
by tximethyltin chloride to give the aryltin compound, which may coupled with 
the acid chloride LX to afford the arylketoester LXI. Ester hydrolysis and the 
subsequent treatment of the acid LXII with hydroxylamine or 1,2- 

15 phenylenediamine affords respectively the hydroxamic acid LXni or the anilinyl 
amide LXIV. The amides LXTV are easily converted to the oximes LXV and LXVI. 
Reduction of LXTV with sodium borohydride affords the alcohol LXVI. 
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Scheme 12 



1. n-BuU O 

l^^JOm ***** . Ar A^^> Y OMe 

+ aA ^7T ' a.PCCWPR*),, LX. S 

11N-NaOH 
THF/MeOH 




Compounds LXX, wherein W is -C^-CH^SR 2 , may be prepared according 
to the synthetic route depicted in Scheme 13. The carboxylic acid LXVIII is 
converted to a-chloromethylketone LXDC by the successive treatment of oxalyl 
chloride, diazomethane and hydrochloric acid. Replacement of chloride by a thiol 
in the presence of triethylamine affords the a-thiomethylketones LXX. 

Scheme 13 

LXVIII 3. Ha LXDC LXX 
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Compounds such as the compounds of formula LXXTV and LXXIX 
preferably may be prepared according to the route depicted in Scheme 14. Thus, 
the ketone LXXI is subjected to a Wittig reaction in the presence of methyl 
phosphonium bromide to afford the ester LXX3I. Ester hydrolysis affords the acid 
5 LXXHL which may be coupled with hydroxylamine to afford the hydroxamic acid 

lxxtv. 

Protection of the ketone LXXI by treatment with ethylene glycol in 
presence of borontrifluoride etherate and trimethyl orthoformate afford the acetal 
LXXV. a-Methylation to LXXVI is then accomplished by treatment of LXXV with 
10 methyl iodide in the presence of lithium diisopropylemylamine. Deprotection of 
the acetal in acidic media, followed by the saponification of ester LXXVII and the 
subsequent conversion of the carboxylic acid LXXVIH to the hydroxamic acid 
afford LXXIX. 
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CH/Phs Br" 



KA^r LXXIII 6 

EDC, HOBt 
NKjOKHCt 
r EI3N 



l HCI, acetone 



DIPEA, nBuU 
CH9I 



LXXVIII 

1EDC, HOBt 
NH 2 OH.HCI 



LXXIX 6 
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Compounds LXXXTV and LXXXV may be prepared according to the 
synthetic route depicted in Scheme 15. The aldehyde LXXXI was subjected to a 
Wittig reaction in the presence of the phosphonium bromide LXXX to afford a 
(E/Z) mixture of alkene LXXXII. Conversion of LXXXII to the hydroxamic acid 
LXXXTV is accomplished by a two steps procedure involving hydrolysis and 
coupling reaction with hydroxylamine. Reduction of LXXXIV by hydrogenation 
affords LXXXV. 



I 1 ' 



N-NaOH 
THF/MeOH 



^^^^^.NHOH EDC.HQBt fYY^^^ 0 ' 
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Compounds of formula (1) wherein X is CH(OH) may be prepared 
according to the synthetic route depicted for compounds XCII and XCIII in 
Scheme 16. The alcohol LXXXVL prepared via a Grignard reaction of aldehyde 
LXXXI with 6-bromohexene, is protected by terf-butyldimethylsilyl group. 
Oxidative cleavage of olefin LXXXVH affords aldehyde LXXXVIII, which 
undergoes the Wittig reaction to give ester LXXXTX. Conversion of LXXXTX to the 
hydroxamic acid XCI is accomplished by procedure analogous to those described 
above for Scheme 1-3. Deprotection of silyl ether group of XCI affords XCII, 
which is reduced with sodium borohydride to give XCIII. 
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Scheme 16 



CO" 




Compounds of formula (1), wherein Y 1 is a substituted alkylene, preferably 
may be prepared as outlined for compounds XCIX, CIH and CIV in Scheme 17. 
Hydroboration of the alkene XCTV with 9-BBN and the subsequent cross-coupling 
reaction with vinyl triflate XCV in the presence of palladium(0) catalyst affords 
the ester XCVL Hydrolysis of ester XCVI followed by a Dess Martin oxidation 
gives the acid XCVHI, which is converted to the amide XCIX. Reduction of XCVI 
with sodium borohydride and nickel chloride affords the ester C. Conversion of 
CU to the anilinyl amide CIH and to the hydroxamic acid CIV is accomplished by 
procedure analogous to those described above for Scheme 1-3. 
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Scheme 17 
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Compounds CIX and CX may be prepared according to the synthetic route 
depicted in Scheme 18. The alcohol CV is prepared by treatment of 
bromobiphenyl with Y-butyrolactone in the presence of n-butyllithium. Oxidation 
of CV with pyridinium dichromate in the presence of sodium acetate affords the 
aldehyde CVI, which undergoes the Wittig reaction to give the diene ester CVTL 
Conversion of CVTI to the anilinyl amide CDC and to the hydroxamic acid CX is 
accomplished by procedure analogous to those described above for Scheme 1-3. 
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Scheme 18 




Compounds of formula (2), wherein one carbon atom in the linear chain 
5 connecting Cy and W is replaced by NR 3 , preferably may be prepared as outlined 
for compounds CXV1I-CXX in Scheme 19. The lactone CXI is N-alkylated with 
methyl iodide or 2-bromomethymaphthalene in the presence of a base to afford 
CXn, which is hydrolyzed under acid condition to give the amino acid CXHL A 
subsequent N-alkylation or N-acylation affords respectively the tertiary amine 
10 CXTV and CXV or the carbamate CXVI. Conversion of CXTV, CXV and CXVI to 
the anilinyl amide or hydroxamic acid, respectively, CXVII, CXVIII and CXDC is 
accomplished by procedure analogous to those described above for Scheme 1-3. 
Deprotection of CXIX using trifluoroacetic acid affords CXX. 
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Compounds of formula (1), wherein one carbon atom in the linear chain 
connecting X and Wis replaced by S(0)„, preferably may be prepared as outlined 
in Scheme 20. The acid CXXI is prepared by treatment of 5-mercaptovaleric acid 
and the aryl ketone in the presence of a base. The oxidation of the sulfide of CXXI 
with oxone affords the acid CXXTV. Conversion of CXXI and CXXTV respectively 
to the anilinyl amide CXXHI and CXXVI and to the hydroxamic acid CXXD and 
40 



Copied from. .10522823 on 02/25/2008 



WO 01/70675 



IYIBOl/00683 



CXXV is accomplished by the procedures analogous to those described above for 
Scheme 1-3. 



Scheme 20 




Compounds of formula (2), wherein one carbon atom in the linear chain 
connecting Cy and W is replaced by an oxygen atom, preferably may be prepared 
as outlined for compounds CXXDC and CXXX in Scheme 21. The ester CXXVH is 
10 prepared by treatment of ethyl-7-bromoheptanoate and the 4-phenylphenol in the 
presence of a base. Hydrolysis of ester and the subsequent conversion of the 
carboxylic acid CXXVIII to the anilinyl amide and hydroxamic acid affords 
respectively CXXDC and CXXX. 
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Scheme 21 




Compounds of formula (2), wherein Cy is an N-linked heterocycle, 
5 preferably may be prepared according to routes analogous to those depicted in 
Schemes 22-24. Treatment of 6-aminocaproic acid and the anhydride CXXXI in 
the presence of a base, followed by a reflux in formic acid or diazotization afford 
the acid CXXXH (wherein X=CH or X=N respectively). The conversion of the 
carboxylic acid CXXXH to the hydroxamic acid and anilinyl amide afford 
10 respectively CXXXUI and CXXXTV. • 
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The anhydride CXXXVI is prepared by heating of the diacid CXXXV, as 
shown in Scheme 23. The treatment of the anhydride CXXXVI with an amino acid 
in the presence of a base affords the acid CXXXVII. A subsequent treatment of the 
acid CXXXVII with 1-methylpiperidine in the presence of paraformaldehyde 
affords the acid CXXXVIII. The conversion of the carboxylic acid CXXXVII or 
CXXXVIII to the hydroxamic acid and aiulinyl amide afford respectively 
CXXXIX. 
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Scheme 23 
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Treatment of the anhydride CXL with an amino acid in the presence of a 
base affords the acid CXLI, as shown in Scheme 24. The conversion of the 
carboxylic acid CXLI to the anilinyl amide then affords CXLII. 

Scheme 24 




Pharmaceutical Compositions 

In a second aspect, the invention provides a pharmaceutical composition 
comprising an inhibitor of histone deacetylase represented by any one of formulae 

10 (l)-(7) and a pharmaceutically acceptable carrier, excipient, or diluent. 

Compounds of the invention may be formulated by any method well known in 
the art and may be prepared for administration by any route, including, without 
limitation, parenteral, oral, sublingual, transdermal, topical, intranasal, 
intratracheal, or intrarectal. In certain preferred embodiments, compounds of the 

15 invention are administered intravenously in a hospital setting. In certain other 
preferred embodiments, administration may preferably be by the oral route. 

The characteristics of the carrier will depend on the route of 
ad^runistration. As used herein, the term "pharmaceutically acceptable" means a 
non-toxic material that is compatible with a biological system such as a cell, cell 

20 culture, tissue, or organism, and that does not interfere with the effectiveness of 
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the biological activity of the active ingredient(s). Thus, compositions according to 
the invention may contain, in addition to the inhibitor, diluents, fillers, salts, 
buffers, stabilizers, solubilizers, and other materials well known in the art The 
preparation of pharmaceutically acceptable formulations is described in, e.g., 
5 Remington 's Pharmaceutical Sciences, 18th Edition, ed. A. Gennaro, Mack 
Publishing Co., Easton, PA, 1990. 

Inhibition of Histone Deacetylase 

In a third aspect, the invention provides a method of inhibiting histone 
10 deacetylase in a cell, comprising contacting a cell in which inhibition of histone 

deacetylase is desired with an inhibitor of histone deacetylase represented by any 
one of formulae (l)-(7). 

Measurement of the enzymatic activity of a histone deacetylase can be 
achieved using known methodologies. For example, Yoshida et al., J. Biol. Chem., 
15 265: 17174-17179 (1990), describes the assessment of histone deacetylase 

enzymatic activity by the detection of acetylated histones in trichostatin A treated 
cells. Taunton et al, Science, 272: 408-411 (1996), similarly describes methods to 
measure histone deacetylase enzymatic activity using endogenous and 
recombinant HDAC-1. Both of these references are hereby incorporated by 
20 reference in their entirety. 

In some preferred embodiments, the histone deacetylase inhibitor interacts 
with and reduces the activity of all histone deacetylases in the cell. In some other 
preferred embodiments according to this aspect of the invention, the histone 
deacetylase inhibitor interacts with and reduces the activity of fewer than all 
25 histone deacetylases in the cell. In certain preferred embodiments, the inhibitor 
interacts with and reduces the activity of one histone deacetylase {e.g., HDAC-1), 
but does not interact with or reduce the activities of other histone deacetylases 
(e.g., HDAC-2, HDAC-3, HDAC-4, HDAC-5, HDAC-6, HDAC-7, and HDAC-8). 
As discussed below, certain particularly preferred histone deacetylase inhibitors 
30 are those that interact with and reduce the enzymatic activity of a histone 
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deacetylase that is involved in tumorigenesis. Certain other preferred histone 
deacetylase inhibitors interact with and reduce the enzymatic activity of a fungal 
histone deacetylase. 

Preferably, the method according to the third aspect of the invention causes 
5 an inhibition of cell proliferation of the contacted cells. The phrase "inhibiting cell 
proliferation" is used to denote an ability of an inhibitor of histone deacetylase to 
retard the growth of cells contacted with the inhibitor as compared to cells not 
contacted. An assessment of cell proliferation can be made by counting contacted 
and non-contacted cells using a Coulter Cell Counter (Coulter, Miami, FL) or a 

10 hemacytometer. Where the cells are in a solid growth (e.g., a solid tumor or 
organ), such an assessment of cell proliferation can be made by measuring the 
growth with calipers and comparing the size of the growth of contacted cells with 
non-contacted cells. 

Preferably, growth of cells contacted with the inhibitor is retarded by at 

15 least 50% as compared to growth of non-contacted cells. More preferably, cell 
proliferation is inhibited by 100% (i.e., the contacted cells do not increase in 
number or size). Most preferably, the phrase "inhibiting cell proliferation" 
includes a reduction in the number of contacted cells, as compared to non- 
contacted cells. Thus, an inhibitor of histone deacetylase according to the 

20 invention that inhibits cell proliferation in a contacted cell may induce the 
contacted cell to undergo growth retardation, to undergo growth arrest, to 
undergo programmed cell death (Le., to apoptose), or to undergo necrotic cell 
death. 

The cell proliferation inhibiting ability of the histone deacetylase inhibitors 
25 according to the invention allows the synchronization of a population of 

asynchronously growing cells. For example, the histone deacetylase inhibitors of 
the invention may be used to arrest a population of nonneoplastic cells grown in 
vitro in the Gl or G2 phase of the cell cycle. Such synchronization allows, for 
example, the identification of gene and/or gene products expressed during the Gl 
30 or G2 phase of the cell cycle. Such a synchronization of cultured cells may also be 
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useful for testing the efficacy of a new transfection protocol, where transfection 
efficiency varies and is dependent upon the particular cell cycle phase of the cell 
to be transfected. Use of the histone deacetylase inhibitors of the invention allows 
the synchronization of a population of cells, thereby aiding detection of enhanced 
transfection efficiency. 

In some preferred embodiments, the contacted cell is a neoplastic cell. The 
term "neoplastic cell" is used to denote a cell that shows aberrant cell growth. 
Preferably, the aberrant cell growth of a neoplastic cell is increased cell growth. A 
neoplastic cell may be a hyperplastic cell, a cell that shows a lack of contact 
inhibition of growth in vitro, a benign tumor cell that is incapable of metastasis in 
vivo, or a cancer cell mat is capable of metastasis in vivo and that may recur after 
attempted removal. The term "tumorigenesis" is used to denote the induction of 
cell proliferation that leads to the development of a neoplastic growth. In some 
embodiments, the histone deacetylase inhibitor induces cell differentiation in the 
contacted cell. Thus, a neoplastic cell, when contacted with an inhibitor of histone 
deacetylase may be induced to differentiate, resulting in the production of a 
daughter cell that is phylogenetically more advanced than the contacted cell. 

In some preferred embodiments, the contacted cell is in an animal. Thus, 
the invention provides a method for treating a cell proliferative disease or 
condition in an animal, comprising administering to an animal in need of such 
treatment a therapeutically effective amount of a histone deacetylase inhibitor of 
the invention. Preferably, the animal is a mammal, more preferably a 
domesticated mammal. Most preferably, the animal is a human. 

The term "cell proliferative disease or condition" is meant to refer to any 
condition characterized by aberrant cell growth, preferably abnormally increased 
cellular proliferation. Examples of such cell proliferative diseases or conditions 
include, but are not limited to, cancer, restenosis, and psoriasis. In particularly 
preferred embodiments, the invention provides a method for inhibiting neoplastic 
cell proliferation in an animal comprising administering to an animal having at 
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least one neoplastic cell present in its body a therapeutically effective amount of a 
histone deacetylase inhibitor of the invention. 

It is contemplated that some compounds of the invention have inhibitory 
activity against a histone deacetylase from a protozoal source. Thus, the invention 
also provides a method for treating or preventing a protozoal disease or infection, 
comprising administering to an animal in need of such treatment a therapeutically 
effective amount of a histone deacetylase inhibitor of the invention. Preferably 
the animal is a mammal, more preferably a human. Preferably, the histone 
deacetylase inhibitor used according to this embodiment of the invention inhibits 
a protozoal histone deacetylase to a greater extent than it inhibits mammalian 
histone deacetylases, particularly human histone deacetylases. 

The present invention further provides a method for treating a fungal 
disease or infection comprising administering to an animal in need of such 
treatment a therapeutically effective amount of a histone deacetylase inhibitor of 
the invention. Preferably the animal is a mammal, more preferably a human. 
Preferably, the histone deacetylase inhibitor used according to this embodiment of 
the invention inhibits a fungal histone deacetylase to a greater extent than it 
inhibits mammalian histone deacetylases, particularly human histone 
deacetylases. 

The term "therapeutically effective amount" is meant to denote a dosage 
sufficient to cause inhibition of histone deacetylase activity in the cells of the 
subject, or a dosage sufficient to inhibit cell proliferation or to induce cell 
differentiation in the subject. Administration may be by any route, including, 
without limitation, parenteral, oral, sublingual, transdermal, topical, intranasal, 
intratracheal, or intrarectal. In certain particularly preferred embodiments, 
compounds of the invention are administered intravenously in a hospital setting. 
In certain other preferred embodiments, administration may preferably be by the 
oral route. 

When administered systemically, the histone deacetylase inhibitor is 
preferably adrninistered at a sufficient dosage to attain a blood level of the 
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inhibitor from about 0.01 pM to about 100 uM, more preferably from about 0.05 
uM to about 50 fiM, still more preferably from about 0.1 |XM to about 25 uM, and 
still yet more preferably from about 0.5 uM to about 25 pM. For localized 
adrninistration, much lower concentrations than this may be effective, and much 
higher concentrations may be tolerated. One of skill in the art will appreciate that 
the dosage of histone deacetylase inhibitor necessary to produce a therapeutic 
effect may vary considerably depending on the tissue, organ, or the particular 
animal or patient to be treated. 

In certain preferred embodiments of the third aspect of the invention, the 
method further comprises contacting the cell with an antisense oligonucleotide 
that inhibits the expression of a histone deacetylase. The combined use of a 
nucleic acid level inhibitor {Le., antisense oligonucleotide) and a protein level 
inhibitor (i.c, inhibitor of histone deacetylase enzyme activity) results in an 
improved inhibitory effect, thereby reducing the amounts of the inhibitors 
required to obtain a given inhibitory effect as compared to the amounts necessary 
when either is used individually. The antisense olignouncleotides according to 
this aspect of the invention are complementary to regions of RNA or double- 
stranded DNA that encode HDAC-1, HDAC-2, HDAC-3, HDAC-4, HDAC-5, 
HDAC-6, HDAC-7, and/or HDAC-8 (see e.g., GenBank Accession Number 
U50079 for HDAC-1, GenBank Accession Number U31814 for HDAC-2, and 
GenBank Accession Number U75697 for HDAC-3). 

For purposes of the invention, the term "oligonucleotide" includes 
polymers of two or more deoxyribonucleosides, ribonucleosides, or 2'-0- 
substituted ribonucleoside residues, or any combination thereof. Preferably, such 
oligonucleotides have from about 6 to about 100 nucleoside residues, more 
preferably from about 8 to about 50 nucleoside residues, and most preferably 
from about 12 to about 30 nucleoside residues. The nucleoside residues may be 
coupled to each other by any of the numerous known internucleoside linkages. 
Such internucleoside linkages include without limitation phosphorothioate, 
phosphorodithioate, alkylphosphonate, alkylphosphonothioate, phosphotriester, 
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phosphoramidate, siloxane, carbonate, carboxymethylester, acetamidate, 
carbamate, thioether, bridged phosphoramidate, bridged methylene phosphonate, 
bridged phosphorothioate and sulfone internucleoside linkages. In certain 
preferred embodiments, these internucleoside linkages may be phosphodiester, 

5 phosphotriester, phosphorothioate, or phosphoramidate linkages, or 

combinations thereof. The term oligonucleotide also encompasses such polymers 
having chemically modified bases or sugars and/ or having additional 
substituents, including without limitation lipophilic groups, intercalating agents, 
diamines and adamantane. For purposes of the invention the term "2'-0- 

10 substituted" means substitution of the 2' position of the pentose moiety with an - 
O-lower alkyl group containing 1-6 saturated or unsaturated carbon atoms, or 
with an -O-aryl or allyl group having 2-6 carbon atoms, wherein such alkyl, aryl 
or allyl group may be unsubstituted or may be substituted, e.g., with halo, 
hydroxy, trifluoromethyl, cyano, nitro, acyl, acyloxy, alkoxy, carboxyl, 

15 carbalkoxyl, or amino groups; or such 2' substitution may be with a hydroxy 

group (to produce a ribonucleoside), an amino or a halo group, but not with a 2- 
H group. 

Particularly preferred antisense oligonucleotides utilized in this aspect of 
the invention include chimeric oligonucleotides and hybrid oligonucleotides. 

20 For purposes of the invention, a "chimeric oligonucleotide" refers to an 

oligonucleotide having more than one type of internucleoside linkage. One 
preferred example of such a chimeric oligonucleotide is a chimeric 
oligonucleotide comprising a phosphorothioate, phosphodiester or 
phosphorodithioate region, preferably comprising from about 2 to about 12 

25 nucleotides, and an alkylphosphonate or alkylphosphonothioate region (see e.g., 
Pederson et ah U.S. Patent Nos. 5,635,377 and 5,366,878). Preferably, such 
chimeric oligonucleotides contain at least three consecutive internucleoside 
linkages selected from phosphodiester and phosphorothioate linkages, or 
combinations thereof. 
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For purposes of the invention, a "hybrid oligonucleotide" refers to an 
oligonucleotide having more than one type of nucleoside. One preferred example 
of such a hybrid oligonucleotide comprises a ribonucleotide or 2'-Osubstituted 
ribonucleotide region, preferably comprising from about 2 to about 12 2'-0- 
substituted nucleotides, and a deoxyribonucleotide region. Preferably, such a 
hybrid oligonucleotide will contain at least three consecutive . 
deoxyribonucleosides and will also contain ribonucleosides, 2'-0-substituted 
ribonucleosides, or combinations thereof (see e.g., Metelev and Agrawal, U.S. 
Patent No. 5,652,355). 

The exact nucleotide sequence and chemical structure of an antisense 
oligonucleotide utilized in the invention can be varied, so long as the 
oligonucleotide retains its ability to inhibit expression of the gene of interest. This 
is readily determined by testing whether the particular antisense oligonucleotide 
is active by quantitating the mRNA encoding a product of the gene, or in a 
Western blotting analysis assay for the product of the gene, or in an activity assay 
for an enzymatically active gene product, or in a soft agar growth assay, or in a 
reporter gene construct assay, or an in vivo tumor growth assay, all of which are 
described in detail in this specification or in Ramchandani et al. (1997) Proc. Natl. 
Acad. Sci. USA 94: 684-689. 

Antisense oligonucleotides utilized in the invention may conveniently be 
synthesized on a suitable solid support using well known chemical approaches, 
including H-phosphonate chemistry, phosphoramidite chemistry, or a 
combination of H-phosphonate chemistry and phosphoramidite chemistry (i.e., H- 
phosphonate chemistry for some cycles and phosphoramidite chemistry for other 
cycles). Suitable solid supports include any of the standard solid supports used 
for solid phase oligonucleotide synthesis, such as controlled-pore glass (CPG) 
(see, e.g., Pon, R.T. (1993) Methods in Molec. BioL 20: 465-496). 

Particularly preferred oligonucleotides have nucleotide sequences of from 
about 13 to about 35 nucleotides which include the nucleotide sequences shown in 
Table 1. Yet additional particularly preferred oligonucleotides have nucleotide 
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sequences of from about 15 to about 26 nucleotides of the nucleotide s 
shown in Table 1. 
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The following examples are intended to further illustrate certain preferred 
embodiments of the invention, and are not intended to limit the scope of the 
invention. 



1 : X = OMo 
7:X = H 
13:X = NMez 



jQC^^.thenfltflCI (forX*H) 

oc (forx=oM8) 



18:X°0Me(E 
19:X = H(Exai . w .. , 
20:X = NMo z (Example6) 



/CF3COOH 

METHOD B 
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Example 1: 

N-Hydroxy-7-methoxy-7-(4-mettioxyphenyl)-2^heptadienainide (6) 

Step 1: 5-Memoxy-5-(4-memoxyphenyl)l-2-p entanal (2) 

To a stirred solution of p-anisaldehyde dimethyl acetal (1) (1.82g, 10 mmol) 



mmol) followed by catalytic amount of anhydrous ZnBr 2 (25 mg). After being 
stirred for 5 h at rt, the reaction was quenched with water (20 mL). The two 
phases were separated and the aqueous layer was extracted with CILClj (2 x 25 
mL). The combined organic layers were washed with brine, dried over 

10 magnesium sulfate, filtered, and concentrated under reduced pressure. 

Purification of the crude product by flash silica gel chromatography (25% ethyl 
acetate in hexane) afforded the desired aldehyde 2 (1.15 g, 61% yield) as a 
colorless oil: *H NMR (300 MHz, CDCy 5 9.48 (d, J = 7.8 Hz, 1H), 7.21 (d, J = 9.0 
Hz, 2H), 6.90 (d, J = 9.0 Hz, 2H), 6.81 (dt, J = 15.6, 6.9 Hz, 1H), 6.12 (ddt, J =15.6, 

15 7.8, 1.5Hz, 1H), 4.23 (dd, J = 8.1, 5.1 Hz, 1H), 3.81 (s, 3H), 3.20 (s, 3H), 2.78 (m, 1H), 
2.65 (m, 1H). 

Step 2: Ethyl-7-methoxy-7-(4-methoxyphenylV2.4-heptadienoate (3) 

A mixture of aldehyde 2 (1.13 g, 5.14 mmol) and ethyl (triphenyl- 
phosphoranylidene)acetate (2.15 g, 6.16 mmol) in OLClj (25 mL) was heated at 

20 reflux for 5 h under N 2 . After removal of the solvent under reduced pressure, the 
crude product obtained was purified by flash silica gel chromatography (10% 
ethyl acetate in hexane) to give the title compound 3 (1.10 g, 74% yield) as a 
colorless oil: *H NMR (300 MHz, CDCLJ 5 7.20 (m, 3H), 6.88 (d, J =8.7 Hz, 2H), 
5.99-6.21 (m, 2H), 5.76 (d, J = 15.3Hz, 1H), 4.18 (q, J =7.2 Hz, 2H), 4.13 (dd, J =8.4, 

25 6.0 Hz, 1H), 3.81 (s, 3 H), 3.18 (s, 3H), 2.64 (m, 1H), 2.48 (m, 1H), 1.28 (t, J = 7.2Hz, 
3H). 

Ste p 3: 7-Methoxy -7-r4-methoxyphenvn-2.4-heptadienoic acid (4) 

To a stirred solution of diene ester 3 (0.36g, 1.24mmol) in methanol (10 mL) 
at rt was added aqueous LiOH 0.5 N solution (3.4 mL, 1.7mmol). After being 
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in dry CrLCL, (60 mL) at rt was added l-trimethylsilyloxy-l^-butadiene (1.42 g, 10 
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stirred at 40 °C for 16 h, methanol was removed under reduced pressure and the' 
resulting aqueous solution was acidified with 3N HQ (pH = ca. 4), extracted with 
ethyl acetate (25 x 3 mL), dried (MgSOJ, and concentrated under reduced 
pressure to give the desired carboxylic acid 4 (0.30 g, 92% yield). Without further 
purification, the crude product was used in the next step: *H NMR (300 MHz, 
CD 3 OD): 5 7.23 (d, J = 9.0 Hz, 2H), 7.00 (dd, J = 15.3, 10.5 Hz, 1H), 6.93 (d, J = 9.0 
Hz, 2H), 6.17 (dd, J = 15.3, 10.5 Hz, 1H), 5.93 (dd, J = 15.3, 10.5 Hz, 1H), 5.85 (d, J = 
15.3 Hz, 1H), 4.20 (br t, J =6.6 Hz, 1H), 3.82 (s, 3 H ), 3.20 (s, 3H ), 2.61 (m, 1H), 
2.48 (m, 1H). 

Method A 

Step 4: 7-Methoxy-7-f4-m emoxyphenvn-2.4-heptadienoic acid chloride (5) 

To a suspension of 60% NaH (0.059 g, 1.47 mmol) washed previously with 
dry pentane (2x5 mL) in dry benzene (5 mL) at 5 °C was added dropwise a 
solution of carboxylic acid 4 (0.30 g, 1.14 mmol) in dry benzene (5 mL) via 
cannula. After 20 min, oxalyl chloride (117 |xL, 1.34 mmol) was added via 
microsyringe, and then the reaction mixture was allowed to warm to rt over 30 
min. After stirring for an additional 1.5 h at rt, the mixture was filtered and the 
filtrate was concentrated under reduced pressure to give the desired acid chloride 
5 in 93 % yield as a red-orange oil. Without further purification, this crude , 
product was used in the next step: *H NMR (300 MHz, CDCL) 5 7.40 (dd, J = 15.3, 
10.5 Hz, 1H), 7.20 (d, J = 8.4 Hz, 2H), 6.90 (d, J = 8.4 Hz, 2H), 6.30 (m, 2H), 5.98 (d, J 
= 15.3 Hz, 1H), 4.18 (dd, J = 7.5, 4.8 Hz, 1H), 3.82 (s, 3 H ), 3.20 (s, 3H ), 2.61 (m, 
1H), 2.48 (m, 1H). 

Step 5: N-H ydrox y-7-mefroxy-7-(4- methoxvphenvl)-2.4-heptadienamide (6) 
To a stirred solution of trimethylsilyloxy hydjoxylamine (132 pL, 1.08 
mmol) and N-methylmorpholine (44 |xL, 0.40 mmol) in OLCL. (5 mL) at 0 °C was 
added dropwise a solution of acid chloride 5 (101 mg, 0.36 mmol) via cannula. 
The reaction mixture was stirred for 1 h, and then was allowed to warm to rt over 
1 h. After being stirred for an additional 1 h, the reaction mixture was diluted 
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with CHClg : MeOH (20 mL : 1 mL), washed with saturated NaHCQ, solution and 
then water, and the organic phase was dried (MgSOJ and concentrated under 
reduced pressure. Purification by flash silica gel chromatography (5-10% MeOH 
in CHCI3) gave the desired hydroxamic acid 6 (30 mg, 30%) as a colorless solid: *H 
5 NMR (300 MHz, CDOJ 8 7.20 (m, 3H), 6.87 (d, J = 7.5 Hz, 2H), 5.60- 6.20 (m, 3H), 
4.10 (m,lH), 3.79 (s, 3 H ), 3.16 (s, 3H ), 2.61 (m, 1H), 2.43 (m,lH); »C NMR (75.4 
MHz,CDd3)541.6, 

55.2, 56.4, 82.7, 113.8, 117.9, 127.8, 130.4, 133.1, 139.3, 141.7, 159.2, 165.5. 
Example 2i 

10 N-Hydroxy^-methoxy^-phenyl-lAheptadienamide (12) 

Ste p!: 5-Methoxy -5-phenyl-2-pentanal(8) 

Following a procedure analogous to that described in Example 1, stepl, but 
substituting benzaldehyde dimethyl acetal 7 for p-anisaldehyde dimethyl acetal 1, 
the title compound was obtained in 60% yield: 'H NMR (300 MHz, CDCy 
15 8 9.49 (d, J = 8.1 Hz, 1H), 7.31 (m, 5H), 6.83 ( dt, J = 15.6, 7.2 Hz, 1H), 6.12 (ddt, J 

=15.6, 8.1, 1.5 Hz, 1H), 4.30 (dd, J = 8.1, 4.8 Hz, 1H), 3.24 (s, 3H), 2.79 (m, 1H), 2.67 
(m,lH). 

Step 2j Kth yl-7-me t hoxy-7-phenvl-2,4-heptadienoate (9) 

Following a procedure analogous to that described in Example 1, step 2, 
20 but substituting aldehyde 8 for aldehyde 2, the title compound was obtained in 
63% yield: 'H NMR (300 MHz, CDO,) 8 7.30 (m, 6H), 6.11 (m, 2H), 5.76 (d, J = 
15.3 Hz, 1H), 4.18 (q, J =7.2 Hz, 2H), 4.16(dd, J =7.5, 5.4 Hz, 1H), 3.21(s, 3 H ), 2.64 
(m, 1H), 2.50 (m, 1H), 1^8 (t, J = 7.2 Hz, 3H). 

Ste p 3: 7-Met hov y-7-phenvl-2,4-heptadienoi c acid (10) 
25 Following a procedure analogous to that described in Example 1, step 3, 

but substituting diene ester 9 for 3 the title compound was obtained in 79% yield: 
l H NMR (300 MHz, CD 3 OD) 8 7.29 (m, 5H), 7.18 (dd, J = 15.3, 10.5 Hz, 1H), 6.16 

58 



Copied from. 1 0522823 on 02/25/2008 



WO 01/70675 



PCT/EB01/00683 



(m, 2H), 5.75 (d, J = 15.3 Hz, 1H), 4.22 (br t, J =6.6 Hz, 1H), 3.19 (s, 3H ), 2.61 (m, 
1H), 2.48 (m, 1H). 

Step 4: 7-Methoxy-7-phenvl-2.4-heptadie noic acid chloride (11) 

Following a procedure analogous to that described in Example 1, step 4, 
5 but substituting carboxylic acid 10 for 4, the title compound was obtained in a 
quantitative yield: J H NMR (300 MHz, CDCy 8 7.25-7.45 (m, 6H), 6.30 (m, 2H), 
6.10 (d, J = 15.0 Hz, 1H), 4.23 (dd, J = 7.5, 5.4 Hz, 1H), 3.22 (s, 3H ), 2.63 (m, 1H), 
2.49 (m, 1H). 

Step 5: N-Hydroxv-7-me thoxy-7-phenyl-2.4-heptaaenamide (12) 
10 Following a procedure analogous to that described in Example 1 step 5 but 

substituting acid chloride 11 for 5 the title compound was obtained in 45% yield: 
*H NMR (300 MHz, CDCi.) 5 7.28 (m, 5H), 7.15 ( dd, J = 14.7, 10.5 Hz, 1H), 6.05 (m, 
2H), 5.73 (d, J= 14.7 Hz, 1H), 4.17 (dd, J = 8.4, 4.8 Hz, 1H), 3.19 (s, 3H ), 2.61 (m, 
1H), 2.43 (m,lH); U C NMR (75.4 MHz, CDCl^ 
15 5 41.6, 56.6, 83.1, 1 18.0, 126.5, 127.8, 128.4, 130.4, 139.0, 140.1, 141.6, 165.5. 

Example 3: 

N-Hyd^xy-7-memoxy-7-[4-(N,N-dtoemylammo)phenyl]-24-heptadienamide 
(17) 

Ste p 1: 5-Memoxy-5-r4-(NJSr^imemylamino)phenvl1-2-pentanal (14) 
20 Following a procedure analogous to that described in Example 1, step 1, 

but substituting 4^imethylaminobenzaldehyde dimethyl acetal (13) for p- 
anisaldehyde dimethyl acetal (1), the title compound 14 was obtained in 39% 
yield: 'H NMR (300 MHz, CDCy 8 9.48 (d, J = 8.1 Hz, 1H), 7.16 (d, J = 8.7 Hz, 
2H), 6.83 ( dt, J = 15.6, 6.9 Hz, 1H), 6.71 (d, J = 8.7 Hz, 2H), 6.12 (ddt, J =15.6, 7.8, 
25 1.5 Hz, 1H), 4.23 (dd, J = 8.1, 5.1 Hz, 1H), 3.19 (s, 3H), 2.96 (s, 6H), 2.81 (m, 1H), 
2.65 (m, 1H). 
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RtP p 2: Ethyl 7-methoxy-7-r4-fN-N-dimethv1 amino 1 >phenvl1-2,4-heptadienoate (15) 

Following a procedure analogous to that described in Example 1, step 2, 
but substituting aldehyde 14 for 2, the title compound 15 was obtained in 87 % 
yield: NMR (300 MHz, CDCL,) 8 7.23 (dd, J = 15.3, 10.2 Hz, 1H), 7.13 (d, J = 9.0 
5 Hz, 2H), 6.71 (d, J = 9.0 Hz, 2H), 6.01-6.23 (m, 2H), 5.76 (d, J = 15.3 Hz, 1H), 4.18 (q, 
J =7.2 Hz, 2H), 4.13 (dd, J = 7.8, 6.0 Hz, 1H), 3.18 (s, 3 H ), 2.96 (s, 3H ), 2.66 (m, 
1H), 2.50 (m, 1H), 1.28 (t, J = 7.2Hz, 3H). 

Ste p 3: 7-Methoxy-7-r4-rN.N^imethvlarn irto) phenvl1-2.4-heptadienoic acid (1 6 ) 
Following a procedure analogous to that described in Example 1, step 3, 
10 but substituting diene ester 15 for 3, the title compound 16 was obtained in 97% 
yield: 'H NMR (300 MHz, CDCy 6 7.31 (dd, J = 15.3, 10.2 Hz, 1H), 7.15 (d, J = 9.0 
Hz, 2H), 6.73 (d, J = 9.0 Hz, 2H), 6.17 (m, 2H), 5.77 (d, J = 15.3Hz, 1H), 4.20 (m, 
1H), 3.19 (s, 3 H), 2.96 (s, 6H), 2.68 (m, 1H), 2.52 (m, 1H). 

Method B 

15 Ste p 4: N-Hvd rn y y -7-memoxv-f4-(N,N-dimemvlamino)phenyll-2,4- 
hpptadienamide (17) 

To a solution of carboxylic add 16 (110 mg, 0.40 mmol) in anhydrous THF 
(5 mL) was added l,l'-carbonyldiimidazole (77 mg, 0.439 mmol) at rt, and the 
mixture was stirred overnight. To this solution was added t-butyldimethylsilyl- 

20 hydroxylamine (200 mg, 1.36 mmol). The mixture was stirred at rt for 14 h and 

then at 45 °C for 3 h. The resulting yellow solution was diluted with water (5 mL), 
stirred for 20 minutes, and then extracted with ethyl acetate (3 x 15 mL), dried, 
and concentrated. Purification by flash silica gel chromatography (80% ethyl 
acetate in hexanes and then ethyl acetate only) afforded the title compound 17 (44 

25 mg, 38% yield): 'H NMR (300 MHz, CDCX) 5 7.18 (dd, J = 15.0, 10.2 Hz, 1H), 7.13 ( 
d, J = 8.7 Hz, 1H), 6.71 (d, J = 8.7 Hz, 2H ), 5.96-6.17 (m, 2H), 5.66 (br d, J = 15.0 Hz, 
1H), 4.09 (dd, J = 7.5, 5.7 Hz, 1H), 3.17(s, 3H ), 2.94 (s, 6H), 2.61 (m, 1H),2.43 
(m,lH); U C NMR (75.4 MHz, CDCL,) 

540.6, 41.5, 56.2, 82.9, 112.4, 117.4, 127.6, 128.7, 130.1, 139.9, 141.9, 150.3, 165.5. 
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Example 4: 

N^-(2-Aminophenyl)-7-methoxy-7-(4-methoxyphenyl)r2>heptadienamide(18) 

To a stirred solution of acid chloride 5 (115 mg,0.41 mmol) in CH^CL, (5 mL) 
at 0 °C was added 1,2-phenylenediamine (133 mg,1.23 mmol) followed by N- 
5 methylmorpholine (49 pL, 0.45 mmol). The mixture was stirred at 0 °C for 1 h, and 
then was allowed to warm to rt over 1 h. After being stirred for an additional 1 h 
at rt, the reaction mixture was partitioned between CHCL^ x 15mL) and water . 
(15 mL). The combined organic layers were dried (MgSOJ and concentrated 
under reduced pressure to give the crude product. Purification by flash silica gel . • 
10 chromatography (50% ethyl acetate in hexane) afforded the desired benzamide 18 
(21 mg, 15% yield): 'H NMR (300 MHz, CDOJ 8 6.65-7.40 (m, 9H), 5.96-6.20 (m, 
2H), 5.92 (d, J = 15.3 Hz, 1H), 4.18 (m,lH), 3.82 (br s, 2H), 3.81 (s, 3H ), 3.19 (s, 3H), 
2.61 (m, 1H), 2.43 (m,lH); U CNMR (75.4 MH^CDO,) 

841.7, 55.2, 56.4, 82.7, 113.8, 118.2, 119.5, 121.8, 124.4, 125.0, 127.0, 127.8, 130.1, 
15 133.1, 139.5, 140.7, 142.4, 159.2, 164.6. 

Example 5: 

N-(2-Armnophenyl)-7-methoxy-7-phenyl-2,4-heptadienamide (19) 

Stepl: N-r2-fN-tert-Butoxycarh nnynaminophenvl1-7-methoxv-7-phenvl-2,4r 
hpptadienamide 

20 Following a procedure analogous to that described in Example 4, but 

substituting acid chloride 11 for 5 and f-Boc protected phenylenemonoamine for 
1,2-phenylenediarnine, the title compound was obtained as a light yellow solid in 
84% yield: »H NMR (300 MHz, CDO,) 8 8.23 (br s, 1H), 7.01-7.49 (m, 10H), 6.09 
(m, 2H), 5.87 (d, J = 15.3 Hz, 1H), 4.21 (dd, J = 7.5, 5.7 Hz, 1H), 3.23 (s, 3H), 2.66 (m, 

25 1H), 2.52 (m, 1H), 1.51 (s, 9H). 

Ste p 2: N-f2-Ami nn phenylV7- methoxy-7-phenvl-2,4-heptadienamide (19) 

The t-Boc protected aniline obtained in step 1 (200 mg, 0.473 mmol) was * 
dissolved in a mixture of methanol (2 mL) and 4N HC1 solution in 1,4-dioxane 
(3.55 mL, 14.2 mmol) and stirred at rt for lh. The reaction mixture was diluted 
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with water (2 mL), neutralized with IN NaOH (pH 7-8), and extracted with 
CHCI3. The organic extract was dried(MgS0 4 ) and concentrated: Purification by 
flash silica gel chromatography (50% ethyl acetate in hexane) afforded the title 
compound 19 (128 mg, 84% yield): *H NMR (300 MHz, CDO,) 8 7.48 (br s, 1H), . v. 
5 7.01- 7.39 (m, 10H), 6.09 (m, 2H), 5.91 (d, J = 14.7 Hz, 1H), 4.20 (br. t, J = 6.3 Hz, 
1H), 3.81 (br. s, 2H), 3.21 ( S/ 3H), 2.66 (m,lH), 2.52 (m,lH); U C NMR ( 75.4 MHz, 
CDCI3) 8 41.7, 56.7, 83.2, 118.1, 119.4, 121.9, 124.4, 125.1, 
126.6, 127.1, 127.8, 128.5, 130.3, 139.2, 140.8, 141.2, 142.3, 164.6. 

Example 6: 

10 N-(2-Ainmophenyl)-7-methoxy-7-[4-(N,N^imethylamino)phenyl]-2^r 
heptadienamide (20) 

To a solution of carboxylic acid 16 (207 mg, 0.753 mmol) in anhydrous THF 
(10 mL) was added l,l'-carbonyldiirnidazole (128 mg, 0.790 mmol) at rt, and the , 
mixture was stirred overnight. To the resulting solution was added 1,2- 
15 phenylenediamine (570 mg, 5.27 mmol), followed by trifluoroacetic acid (52 ul), 
and the reaction mixture was stirred for 16 h at rt. The reaction mixture was 
diluted with ethyl acetate (30 mL), washed with saturated NaHCO a solution (5 
. mL) and then water (10 mL), dried (MgSOJ, and concentrated. Purification by 
flash silica gel chromatography (50% ethyl acetate in toluene) afforded the title 
20 compound 20 (115 mg, 42% yield): 'H NMR (300 MHz, CDCL.) 8 7.44 (br. s, 1H), 
7.01-7.29 (m, 5H), 6.70-6.78 (m, 4H), 6.09 (m, 2H), 5.90 (d, J = 15.0 Hz, 1H), 4.10 (br. 
t, J = 6.6 Hz, 1H), 3.89 (br. s, 2H), 3.18 (s, 3H), 2.95 (s, 3H), 2.66 (m,lH), 2.50 
(m,lH); U C NMR ( 75.4 MHz, CDC1,) 8 40.5, 41.6, 82.8, 

112.3, 118.1, 119.4, 121.7, 124.4, 125.1, 127.0, 127.6, 128.6, 130.0, 140.0, 140.8, 142.5, 
25 150.2, 164.7. 

Example 7: 

N-(2-Ammopyridmyl)-7-methoxy-7-(4-memoxyphenyl)-24-heptadienarnide(21) 

Following a procedure analogous to that described in Example 1, step 5, 
but substituting 2-aminopyridine for trimethylsilyloxyhydroxylamine, the title 
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compound was obtained in 5% yield: 'H NMR (300 MHz, CDCl,) 5 8.31-8.23 (m, 
3H), 7.70 (m, 1H), 7.31 (dd, J = 15.0, 10.5 Hz, 1H), 7.19 (d, J = 9.0 Hz, 2H), 7.02 (m, 
1H), 6.89 (d, J = 9.0 Hz, 2H), 6.13 (m, 2H), 5.90 (d, J = 15.0 Hz, 1H), 4.16 (dd, J = 72, 
6.0 Hz, 1H), 3.82 (s, 3H), 3.20 (s, 3H), 2.62 (m, 1H), 2.47 (m, 1H). 

5 

^ CHd 3 /H 2 O,0 o C 22 

Moo O 1 . DIBAL-H fl^^^S^S^^Oa 

23 

25 28: Example 8 

\1.Hj 
2. NH2OTHP 
3. CSA, MoOH 

27: Example B 28: Example 10 

Exam ple 8; 

N-Hyd^xy-6 / 6-dimethyl-7-methoxy-7-(4-methoxyphenyl)-2 / 4-heptadienaim 
(26) 

10 Stepl: 2^-mmethyl-3-meth ox v-3- ( 4-met hoxvpheny l ) propanal (22) 

Following a procedure analogous to that described in Example 1, step 1, 
but substituting 2-memyl-l-(trimethylsilyloxy)-l-propene for 1-trimethylsilyloxy- 
1,3-butadiene, the title compound 22 was obtained in 65% yield: *H NMR (300 
MHz, CDCIJ 8 9.67 (s, 1H), 7.17 (d, J = 8.4 Hz, 2H), 6.89 (d, J = 8.4 Hz), 4.26 (s, 1H), ' 

15 3.82(s, 3H), 3.17 (s, 3H), 1.00 (s, 3H), 0.89 (s, 3H). 
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Step 7: Ethvl 4 /UHimethvl- ^ mPthoxv-S-^mpthoxyphenYn^-pentenoate (23) 

Following a procedure analogous to that described in Example 1, step 2, 
but substituting aldehyde 22 for aldehyde 2 and conducting the reaction in 
refluxing toluene, the title compound 23 was obtained in 93% yield: 'H NMR (300 
MHz, CDCy 8 7.28 (d, J = 15.9 Hz, 1H), 7.26 (d, J = 8.7 Hz, 2H), 7.00 (d, J = 8.7 Hz, 
2H), 5.83 (d, J = 15.9 Hz, 1H), 4.34 (q, J = 7.2 Hz, 2H), 4.04 (s, 1H), 3.9 7 (s, 3H), 3.32 
(s, 3H), 1.45 (t, J =7.2 Hz, 3H), 1.20 (s, 3H), 1.14 (s, 3H). 

Ste p 3j Ethvl 6.6 ^^Pthvl-7-me^ov y-7-f4-methoxvphenvl)-2,4-h P ptadienoate (24) 
z) DIBAL-H Reduction 

To a stirred solution of ester 23 (2.14g, 7.32 mmol) in anhydrous THF 
(40mL) was added dropwise a solution of DIBAL-H (1.0M solution in THF, 16 
mL, 16 mmol) via syringe at -78°C, and the mixture was slowly warmed to rt over ■ " 
3 h with stirring. The reaction was quenched carefully with water (20 mL), 
extracted with ethyl acetate (30 x 3 mL), dried (MgSO,), and concentrated. 
Purification by flash silica gel chromatography (25% ethyl acetate in hexane) 
afforded the corresponding alcohol (1.46 g, 80% yield) as a colorless oil: 'HNMR 
(300 MHz, CDCLJ 8 7.12 (d, J = 8.7 Hz, 2H), 6.84 (d, J = 8.7 Hz, 2H), 5.80 (dt, J = 
15.9, 1.4 Hz, 1H), 5.48 (dt, J =15.9, 6.0 Hz, 1H), 4.10 (d, J = 6,0 Hz, 2H), 3.82 (s, 1H), 
3.81 (s, 3H), 3.16 (s, 3H), 1.45 (t, J = 7.2 Hz, 3H), 1.00 (s, 3H), 0.95 (s, 3H). 
it) Oxidation 

To a stirred solution of the alcohol (1.21 g, 4.84 mmol) in anhydrous DMSp 
(25 mL) containing triethylamine (4.3 mL) was added pyridirdum sulfur trioxide 
complex (2.31 g, 14.5 mmol) at rt, and the mixture was stirred for 10 min. at the 
same temperature. The reaction was quenched by adding cold water (15 mL). 
i Extraction with ethyl ether (3 x 30 mL), followed by drying and concentration 
gave the corresponding aldehyde, which was used without further purification in 
the next step.( 1.03 g, 86% yield) . 
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Hi: Wittig Reaction 

The aldehyde was treated with ethyl (triphenylphosphoranyUdene)acetate 
in toluene at 70 °C by a procedure analogous to that described in Example 1, step 
2, to give the title compound 24 in 93% yield: H NMR (300 MHz, CDCy 8 7.28 
(dd, J = 15.3, 10.5 Hz, 1H), 7.10 (d, J = 8.7 Hz, 2H), 6.84 (d, J = 8.7 Hz, 2H), 6.25 (d, J 
= 15.6 Hz, 1H), 6.01 (dd, J = 15.6, 10.5 Hz, 1H), 5.76 (d, J = 15.3 Hz, 1H), 4.19 (q, J = 
7.2 Hz, 2H), 3.83 (s, 1H), 3.81 (s, 3H), 3.15 (s, 3H), 1.29 (t, J = 7.2 Hz, 3H), 1.06 (s, 
3H), 0.96 (s, 3H). 

fi*> p 4> ^feDim eih ylr^^ add (2g) 

Following the procedure described in Example 1, step 3, but substituting 
compound 24 for diene ester 3, the title compound 25 was obtained in 95% yield: 
'H NMR (300 MHz, CDCy 8 7.38 (dd, J = 15.0, 10.8.Hz, 1H), 7.10 (d, J = 9.0 Hz, 
2H), 6.84 (d, J = 9.0 Hz, 2H), 6.32 (d, J =15.6Hz, 1H), 6.06 (dd, J = 15.6, 10.8 Hz, 1H), 
5.78 (d,J= 15.3 Hz, 1H), 3.85 (s, 1H), 3.81 (s, 3H), 3.16 (s, 3H), 1.08 (s, 3H), 0.98 (s, 
3H); "C NMR (75.4 MHz, CDCy 8 22.9, 24.4, 42.2, 55.1, 57.2, 90.6, 113.9, 118.7, 
125.7, 129.4, 130.3, 147.9, 152.4, 159.0, 172.8. 

c^ p 5j M-Hy ^ ^-ft ^irtiethv1-7-methoxY-7-(4-metboxyphenylV2 t 4- 
' —■-n^TTiide (26) 



Following the procedure described in Example 1, step 4 (Method A), but 
substituting compound 25 for carboxylic acid 4, the title compound 26 was 
obtained as a colorless solid in 63% overall yield: >H NMR (300 MHz, CD 3 OD) 

5 7 21 (dd, J = 15.3, 10.8 Hz, 1H), 7.15 (d, J = 8.7 Hz, 2H), 6.88 (d, J = 8.7 Hz, 2H), 

6 25 (d, J = 15.6 Hz, 1H), 6.03 (dd, J = 15.6, 10.8 Hz, 1H), 5.83 (d, J = 15.3 Hz, 1H), 

3 93 (s, 1H), 3.80 (s, 3H), 3.17 (s, 3H), 1.09 (s, 3H), 1.00 (s, 3H); *C NMR (75.4 MHz, 
CD 3 OD) 8 23.7, 24.9, 43.0, 55.6, 57.4, 91.9, 114.0, 119.7, 127.1, 130.6, 131.7, 142.6, 
150.7, 160.6, 166.8. 
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Example 9: 

N.(2-Ammophenyl)-6,6^imethyl-7-methoxy-7-(4-methoxyph^ 
heptadienamide (27) 

FoUowing the procedure described in Example 6, but substituting 
5 carboxylic acid 25 for carboxylic acid 16, the title compound 27 was obtained as a 
light yellow solid in 67% yield: l H NMR (300 MHz, CD 3 OD) 8 7.56 ( br. s, 1H), 
7 29 (dd J = 15.0, 10.8 Hz, 1H), 6.72- 7.20 ( m, 8H), 6.20 (d, J = 15.0 Hz, 1H), 5.98 
(dd J = 15.0, 10.8 Hz, IH), 5.90 (d, J = 15.0 Hz, IH), 3.91 (br s, 2H), 3.83 (s, IH), 3.80 

(s 3H),3.16(s,3H),l.(^ 
10 213,42.1,55.1,57.2,90.6,112.9,118.0,119.4,121.6,124.4,125.2,^ 

130.5, 140.8, 143.1, 150.3, 158.9, 164.9. 
F.vam ple 10: 

N-Hydroxy-^dimemyl^^ 

Stp p 1: 6.6-^^^-7-met^ ^-^P t hox,n,hen V 1)heptanoic acid 

To a solution of carboxylic acid 25 (100 mg, 0.345 mmol) in MeOH (6 mL), 
at room temperature was added a solution of Pd/C 10% (50 mg, 1 mL in MeOH). 
The system was then purged with H, several times to a final pressure of 50 psi. 
The reaction mixture was stirred for 3 h at room temperature, and then the sohd 
was filtered through a Celite pad in a fritted glass funnel. The solvents were 
evaporated, and the crude material (100 mg, 99%) was pure enough for use m the 
nextstep: *H NMR (300 MHz d 6 -acetone) 8 7.18 (d, J = 8 Hz, 2H), 6.89 (d, J = 8 Hz, 
2H),3.85 

( s,lH),3.78(s,3H),3.11(s,3H),2.30(b,t,J = 7.5 Hz, 2H), 1.58-1.53 (m, 2H), 1.37- 
1.25 (m, 4H), 0.84 (s, 3H), 0.77 (s, 3H). 

To a solution of the carboxylic acid from step 1 (100 mg, 0.344 mmol), in 
DMF (10 mL) at room temperature were added l-(3-dimemylaminopropyl)-3- 
ethyl-carbodiimide hydrochloride (EDC, 79 mg, 0.414 mmol) and 1- 
66 
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hydroxybenzotriazole hydrate (HOBt, 70 mg, 0.516 mmol). The mixture was 
stirred for 20 min. at room temperature, and then NHpTHP (60 mg, 0516 mmol) 
was added. The resulting mixture was heated overnight at 50 °C, and then 
concentrated. The crude material was dissolved in CH^ and washed with a 
5 saturated aqueous solution of NaHC0 3 . The aqueous layer was extracted several 
times with CHP, and the combined organic extracts were dried over anhydrous 
MgSO and concentrated. The crude material was purified by flash 
chromatography using hexane / acetone (7:3) as the solvent mixture. The pure 
protected hydroxamate was then dissolved in MeOH (10 mL), and 10- 
10 camphorsulfonic acid (CSA, 40 mg, 0.172 mmol) was added. The mixture was 

stirred for 2 h at room temperature, and then the solvents were evaporated under 
reduced pressure at room temperature to avoid thermal decomposition. The 
crude mixture was purified by flash chromatography using CH^/MeOH (9:1) 
as the solvent mixture^ giving compound 28 as colorless oil (212 mg, 68%): >H 
15 ^(SOOMHzX-ac*^ 

1H), 3.79 (s, 3H), 3.11 (s, 3H), 2.11-2.05 (m, 2H), 1.45 (br. s, 2H), 1.34 (br. s, 4H), 
0.83 (s,3H), 0.76 (s,3H). 
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ie 33: Example 11 



1 t 34:Exarapto12 

^DDQ 

"° 35: Example 13 



N^d^ 
heptadienamide (33) 

Following the procedure described in Example 1, step 1, but substituting 
2-meu.yl-l-trimelhylsnyloxypenta-l^ene (29) (Tetrahedron, 39: 881 (1983)) for 
1-trimethylsilyloxy-l^butadiene, the title compound 30 was obtained m 68% 
yieldasamixtureoftwoisomersinaca.2.5:lratio: majorisomer. 'HNMR 
(300 MHz,CDC« 89*9 ^ 

6.29(dqJ = 9.9,1.2Hz / lH )/ 3.96(d / J = 6.6Hz / 1^3.20(^3^3.05(^1^2.94 
(s, 6H), 160 (d, J = 0.9 Hz, 3H), 1.12 (d, J = 6.9 Hz, 3H). 
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Q to p 9- P.thvl 4 ^^ ^i-7-Tn rfhox v- 744-( N r W^rthy1«mino>pWV2^ 
heptadienoate (31) 
Following the procedure described in Example 1, step 2, but substituting 
aldehyde 30 for aldehyde 2 and heating the reaction mixture at reflux in toluene 
overnight under N 2 , the title compound 31 was obtained in 96 % yield as a 
mi xtureoftwoisomersinaca.2.5:lratio: major isomer. l H NMR (300 MHz, , , 
CDCg 8 7.21 (dd, J = 15.6, 0.9 Hz, 1H), 7.06 (d, J = 8.7 Hz, 2H), 6.66 (d, J = 8.7 Hz, 
2H) 5 69 (d, J = 15.6Hz, 1H), 5.67 (br. d, J = 9.0 Hz, 1H), 4.17 (q, J = 7.2 Hz, 2H), 
3.87' (d, J = 6.9Hz, 1H), 3.18 (s, 3H), 2.93 (s, 6H), 2.81 (m, 1H), 1.59 (d, J = 1.2 Hz, 
3H), 1.27 (t, J = 7.2 Hz, 3H), 1.05 (d, 6.6 Hz, 3H). 

acidj(32l 

Following the procedure described in Example 1, step 3, but substituting 
ester 31 for ester 3, the title compound 32 was obtained in 98 % yield: major 
isomer *H NMR (300 MHz, CD 3 OD) 5 7.21 (d, J = 15.6, 0.6 Hz, 1H), 7.04 (d, J = 8.7 
Hz 2H), 6.70 (d, J = 8.7 Hz, 2H), 5.61 (d, J = 15.6 Hz, 1H), 5.60 ( br. d, J =10.0 Hz, 
1H), 3.85 (d, J = 75 Hz, 1H), 3.13 (s, 3H), 2.87 (s, 6H), 2.81 (m, 1H), 1.52 (d, J = 1.5 
Hz, 3H), 1.06 (d, J = 6.6 Hz, 3H). 

20 9,d-hP P t a dienamide(33) 

Following the procedure described in Example 1, step 4 (Method A), but 
substituting compound 32 for carboxylic acid 4, the title compound 33 was 
obtained in 5 % yield, as a mixture of two isomers in a ca. 3 : 1 ratio: major 
isomer >H NMR (300 MHz, CD 3 OD) 6 7.23-7.21 (m, 3H), 6.67 (d, J = 8.7 Hz, 2H), 

25 5.70(d,J = 15.6Hz,lH),5.62(d,J = 10.2Hz,lH),3.90(d,J = 7.8Hz,lH),3.20(s,< 

3H), 2.93 (s, 6H), 2.81 (m, 1H), 1.58 (br. s, 3H), 1.13 (d, J = 6.6 Hz, 3H). 
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Exam ple 12: 

2,4-heptadienamide (34) 

Following the procedure described in Example 6, but substituting 
carboxylic acid 32 for carboxylic acid 16, the title compound 34 was obtained in 
61%yield,a S arrdxtureofrwoisomersin a ca.3:lratio: majorisomer. l HNMR 
(300 MHz, CD 3 OD) 8 7.28-7.02 (m, 5H), 6.79 (m, 2H), 6.68 (d, J = 8.7 Hz, 2H), 5.83 
(d, J = 15.0 Hz, 1H), 5.69 (d, J = 9.6 Hz, 1H), 3.87 (d, J = 6.9 Hz, 1H), 3.19 (s, 3H), 
2.94 (s, 6H), 2.80 (m, 1H), 1.61 (br. s, 3H), 1.07 (d, J = 6.6 Hz, 3H). 

Fvani ple 13 1 

N-(2-Axmnoph e nyl)-4-methyl^^ 
heptadienamide (35) 

To a stirred solution of compound 34 (85 mg, 0.216 mmol) in wet benzene 
(2 mL, benzene : Hp = 9 : 1) at room temperature was added 2>dichloro-5,6- 
dicyano-l,4.benzoquinone(DDa 98 mg, 0.432 mmol). After being stirred 
vigorously for 15 min., the mixture was diluted with ethyl acetate (30 mL), 
washed with water (2 x 5 mL), dried (anhydr.MgSO,), and concentrated. 
Purification by flash silica gel chromatography (50% ethyl acetate in hexanes, and 
thenethylacetateonly)affordedthetitlecompound35(6mg,7%yield): 'HNMR 
(300MHz,aDCy67.83(d,J = 9.0,2H),7.87(b,s,lH),7.29(d,J = 15.6Hz,^ 
7 27(d,7.8Hz,lH),7.00(m,lH),6.72(m,2H),6.62(dJ = 9.0Hz,2H),5.97(dJ = 
15.6Hz,lH ) ,5.97(d,J = 9.3Hz,lH ) ,4.34(d q ,J = 9.3,6.9Hz,lH),3.03(s,3H),1.87 

(br. s, 3H), 1.29 (d, J = 6.9 Hz, 3H); »C NMR (75 MHz, CDCL) 
5 12.6, 17.6, 39.9, 40.8, 110.7, 118.0, 119.0, 119.3, 123.8, 124.4, 125.1, 126.9, 
5 130.6,132.5,140.8,146.2,153.4,164.8,198.6. 
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Example 14; 

N-Hydroxy^,6-dimethyl^^ 
(38) 

gtegl^Ethyl4 J 6^^ 
(36) 

To a stirred solution of ester compound 31 (99 mg, 0.299 mmol) in CHp,, 
(3 mL) at 0 °C was added triethylsilane (41.9 mg, 0.36 mmol) followed by BF 3 . 
Etp (51 mg, 0.36 mmol) dropwise via microsyringe, and the mixture was stirred 
at 0 °C for 30 min. The reaction was quenched with saturated NaHCO, solution (3 
mL), diluted with CHP, (20 mL), and washed with water, and the organic phase 
. was dried and concentrated. Purification by flash silica gel chromatography (10% 
ethyl acetate in hexane) afforded the title compound 36 (87 mg, 97% yield) as a 
yellowoiL >HNMR(300MHz,CDCl 3 )87.29(dd / J = 15.6,0.6Hz,lH),6.98(d,J = 
8 7Hz, 2H), 6.64 (d, J = 8.7Hz, 2H), 5.74 (d, J = 15.6Hz, 1H), 5.73 (br d, J = 10.2 Hz, 
1H) 4 20 ( q,J = 6.9 Hz, 2H), 2.90 ( s, 6H), 2.73 (m, 1H), 2.53 (d, J = 7.2 Hz, 2H), 
1.61(d,J = 0.6Hz,3H),1.29(t,J = 6.9Hz,3H),1.00(d,J = 6.6Hz,3H); B CNMR •• ,; 

(75 MHz, CDCL) 5 12.1, 14.3, 20.0, 35.5, 

40.8, 42.2, 60.1, 112.7, 115.5, 128.1, 129.7, 131.6, 147.5, 149.0, 149.8, 167.5. 

^ o. i f BimefhvH ^^ add ^ 

Following the procedure described in Example 1, step 3, but substituting 
compound 36 for ester 3, the title compound 37 was obtained in 98 % yield as a 
yellowoih ^HNMR(300MHz,CrXn3)87.38(dd,J=15.6,0.6Hz,lH),6.98(d,J = 
71 
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9.0 Hz, 2H), 6.67 (d, J = 9.0 Hz, 2H), 5.79 (br. d, J = 9.6 Hz, 1H), 5.73 (d, J = 15.6 Hz, 
1H), 2.91 ( s, 6H), 2.76 (m, 1H), 2-57 (d, J = 7.2 Hz, 2H), 1.62 (d, J = 0.6 Hz, 3H), 1.01 
(d, J = 6.6 Hz, 3H); B C NMR (75MHz, CDCg 
6 12.2, 20.0, 35.7, 40.9, 42.17, 112.9, 114.7, 128.2, 
5 129.7, 131.7, 148.9, 149.1, 152.1, 172.7. 

fitp p 3; N -Hv ^rnv y^.6-dim ^^ y1-7-[4-fNJsJ-dimethylamino)phenYl1-2 f 4- 
hgptaHipnamide (38) 
To a stirred solution of carboxylic acid 37 (70 mg, 0.256 mmol) at rt in 
anhydrous DMF (2 mL) was added 1-hydroxybenzotriazole hydrate (41.5 mg, 
10 0.307 mmol) followed by lK3-dimemylammopropyl)-3^myl^arbc>diimide 

hydrochloride(65 mg, 0.340 mmol). After 1 h, hydroxylamine hydrochloride (89 
mg, 1.28 mmol) and Et^N (0.27 mL, 1.92 mmol) was added, and stirring was 
continued at rt overnight. The solvent was removed in vacuo, and the residue was 
diluted with ethyl acetate (30 mL), and washed with water and saturated NaHCO, 
15 solution (5 mL). After drying and concentration, the crude product was purified 
by flash silica gel chromatography (2-10% methanol in chloroform) to give the 
title compound 38 (30 mg, 41% yield) as a yellow oil: H NMR (300 MHz, CDCL, : 
CD 3 OD = 5:1) 8 7.10 (d, J = 14.4 Hz, 1H), 6.88 (d, J = 8.7 Hz, 2H), 6.58 (d, J = 8.7 Hz, 
2H), 5.59 (d, J = 9.3Hz, 1H), 5.55 (br. d, J = 14.4 Hz, 1H), 2.78 ( s, 6H), 2.63 (m, 1H), : 
20 2.4o\d,J = 6.9Hz / m),1.48(s,3H),0.89(d,J = 6.6Hz,3H); u CNMR(75MHz, 

CDG 3 :CD 3 OD = 5:l) 

8 11.8, 19.7, 35.3, 40.8, 42.0, 14.3, 20.0, 35.5, 40.8, 42.2, 113.1, 113.7, 128.7, 129.5, 131. 
1, 145.9, 146.3, 148.9, 165.5. 

Example 15: 
25 N-(2-Arrunophenyl)-744r(N,N-dim^ 

heptadienamide (39) 

Following the procedure described in Example 6, but substituting 

carboxylic acid 37 for carboxylic acid 16, the title compound 39 was obtained in ^ 

75% yield: >H NMR (300 MHz, CDCLJ 8 7.42 (br. s, 1H), 7.32 (d, J = 15.0 Hz, 1H), 
30 7 20 (d, J = 7.2Hz, 1H), 7.04 (t, J = 7.2Hz, 1H), 6.98 (d, J = 9.0 Hz, 2H), 6.76 (m, 2H), 



Copied from. .10522823 on 02/25/2008 



^R>CT7I 



6 66 (d, J = 9.0 Hz, 2H), 5.85 (d, J = 15.0 Hz, 1H), 5.72 (d, J = 9.6 Hz, 1H), 3.90 (br. s, 
2H), 2.90 ( s, 6H), 2.75 (m, 1H), 2.52 (d, J = 7.2 Hz, 2H), 1.61 (d, J = 0.6 Hz, 3H), 1.00 
(d, J = 6.6 Hz, 3H); l3 C NMR (75 MHz, CDCLJ 

5 MX 20.1, 35.6, 40.9, 42.2, 112.7, 117.5, 118.1, 119.4, 124.6, 125.1, 126.9, 
5 128.2, 129.7, 131.3, 140.8, 147.1, 147.4, 149.0, 165.0. 



5-aminovalerte acid 




LEDCHOBt f^i> n o 

"XT' y^vvV 



,Je16: 43: n<=t 

Example 17: 47: n = 2 



Sam ple 16; 

N-Hydroxy-5-(benzenesidfonylanmio)pentanamide(43) 

10 Qt^ plr Meth yl cUaminovalerate (4D 

To a solution of 5-arrtinovaleric acid (5 g, 42.68 mmol) in MeOH (100 mL) at 
room temperature was added HQ cone. (37%, 16 mL). The solution was stirred 
for 48 h at room temperature and monitored by HPLC-MS. The resulting solution 
was treated with a saturated aqueous solution of NaHC0 3 then the solventswere 

. 15 evaporated under reduced pressure. The aqueous layer was washed several times,, 
with CHM and AcOEt. The aqueous phase was concentrated to produce a solid 
containing the desired product, NaCl, and NaHCO s . The solid was washed with 
MeOH, and the organic filtrate was concentrated to afford the title compound (36) 
as a white solid (7.88 g, 100%): 'H NMR (300 MHz, CD 3 OD) 8 3.34 (s, 3H), 2.61 
20 (br. s, 2H), 2.10-2.06 ( m,2H), 1-39-1.34 (m, 4H); MS (ES) m/z 132.2 (M). 
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Ste p 2: 5-mpri7.pj\esti 1fnri ylamirio'>pentanoic acid ( 42) 

To a solution of 41 (3 g, 22.90 mmol), in a solvent mixture of CJLC1, (100 
mL) and THF (50 ml) at room temperature were added Et,N (7.96 ml, 57.25 
mmol), followed by benzenesulfonyl chloride (6.13 mL, 48.09 mmol). The mixture 
was stirred overnight at room temperature and then treated with a saturated 
aqueous solution of NH 4 C1. The phases were separated and the aqueous layer 
was extracted several times with OLC1,. The combined organic extracts were 
dried over (MgSOJ and evaporated under reduced pressure giving a mixture of : 
mono- and bis-alkylated products. The residue was dissolved in THF (50 mL) and 
water (50 mL), and LiOH was added. The resulting mixture was stirred for 4 h at 
room temperature, and then was treated with IN HQ until pH 1. The phases 
were separated and the aqueous layer was extracted several times with AcOEt. 
The combined organic extracts were dried over (MgSO<) and then evaporated 
under reduced pressure, yielding compound 42 (2.95 g, 48%) as a white powder. 
>H NMR (300 MHz, acetone-^) 8 7.86 (d, J = 7 Hz, 2H), 7.64-7.57 (m, 3H), 6.47 (br. 
s, 1H), 2.96-2.89 (m, 2H), 2.27-2.23 (m, 2H), 1.60-1.50 (m, 4H). 
Ste p 3: N-Hy rlrny y-5-a3Pnzpnesulfo ny1amino^peritanamide (43) 

To a solution of 42 (500 mg, 1.95 mmol) in DMF (20 mL) at room 
temperature were added l-(3-dimemylammopropyl^3-emylcarbodiimide 
hydrochloride (EDC, 448 mg, 2.33 mmol), and 1-hydroxybenzotriazole hydrate 
(HOBT, 395 mg, 2.93 mmol). The mixture was stirred 20 min. at room 
temperature, and then THPONH, (342 mg, 2.93 mmol) was added. The resulting 
mixture was heated at 50 °C for 24 h, and then the DMF solvent was evaporated 
under reduced pressure and the residue was dissolved in OLCL. and washed 
withbrineandasatoratedaqueoussolutionofNaHCO,. The combined organic 
extracts were dried over (MgSOJ and then evaporated. The crude compound was 
purified by flash chromatography using hexane-acetone (1:1) as the solvent 
mixture. The residue was then dissolved in MeOH (10 mL), and 10- 
camphorsulf onic acid (CSA, 226 mg, 975 mmol) was added. The mixture was 
) stirred for 2 h at room temperature, and then the solvents were evaporated under 
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reduced pressure at room 



temperature to avoid thermal decomposition. The 



crude product was purified by flash chromatography using CH^/MeOH (9:1) 
as solvent mixture giving compound 43 as a yellowish oil (259 mg, 48% isolated): ? 
>H NMR (300 MHz, acetone-^ 8 9.99 (br. s, IH), 7.87 (br. s, 2H), 7.62 (br. s), 2.90 
5 (br. s, 2H) # 2.05 0*. 8,215), 139-1-49 (nv4H). 

F.xam ple 17; 

N-Hyaroxy-6-(benzenesulfonylanuno)hexanamide(47) 

gtp pl: Meth yl 6-«™inoca proate (45) 

Compound 45 was prepared in 100% yield, using the procedure described 
10 in Example 16, step 1, but substituting 6-aminocaproic acid for 5-aminovaleric 
acid. a H NMR (300 MHz, CD 3 OD) 5 3.33 (s, 3H), 2.56-2.51 (m, 2H), 2.06-2.01 (m, 
2H, 1.35-1.28 (m, 4H), 1.10-1.00 (m, 2H); MS (ES) m/z 146.2 (M*). 
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Example 18: 

N-Hydroxy-8-oximino-8-aryloctanamides (51) and N-Hydroxy-7-aroyl- 
heptanamides (52) 



l(CuCN)ZnCH2(CH2) s C02Et 




EDC, HOBt 
NHOH « NH2OH • HCI (5 eg) 



NH2OH • HCI (1.1 eq) 



EtgN 



5 Ste p 1: Preparation of orpanocopper reagent 48 

To a suspension of zinc foil (3.40 g, 52 mmol) in THF (4 mL) was added 1,2- 
dibromoethane (0.38 g, 2.0 mmol), and the mixture was heated at 65 °C for one 
minute. After cooling to ambient temperature, chlorotrimethylsilane (0.2 mL, 1.6 
mmol) was added and the mixture was stirred for 15 min. To this, a solution of , 

10 ethyl 7-iodoheptanoate (14.21 g, 50 mmol) in THF (20 mL) was added slowly at 
ambient temperature, and the mixture was heated at 65 °C for 16 h and then 
cooled to -10 °C A solution of CuCN (3.96 g, 44 mmol) and anhydrous LiCl (3.80 
g, 88 mmol) in THF (44 mL) was added. The resulting solution was stirred at 0 °C 
for 10 min and used for the coupling reactions with acid chlorides. 

15 Ste p 2: Ethvl 7-arnvlheptanoates (49) 

P+h yl 7-benzoylh qptanoate (49aY 

To a stirred solution of the organocopper reagent 48 (2.0 mmol) in THF (4 

mL) at -25 °C was added benzoyl chloride (253 mg, 0.21 mmol) and the reaction ;> •■': 

mixture was warmed to 0 °C over 30rnin. After being stirred for additional 3 h at 0 
20 °C, the reaction mixture was quenched with saturated NH 4 d solution and 

extracted with ethyl acetate. The combined organic extracts were washed with 
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brine, dried and concentrated under reduced pressure. The crude product was ? 
purified by flash silica gel chromatography (10% ethyl acetate in hexanes) to 
afford the title compound (376 mg, 80% yield): H NMR (300 MHz, CDCIJ 8 7.42 - 
7.97 (m, 5H), 4.12(q, J = 6.9 Hz, 2H), 2.97 (t, J = 7.2 Hz, 2H), 2.30(t, J = 7.5 Hz, 2H), 
1.74 (m, 2H), 1.65 (m, 2H), 1.39 (m, 4H), 1.25(t, J = 6.9 Hz, 3H); »C NMR (75.4 
MHz, CDCI3) 5 14.19, 24.04, 24.75, 28.90(2), 34.12, 38.39, 60.11, 127.96, 128.49, 
132.84, 136.95, 173.70, 200.29. 

T*V,y1 7-fr-anisoyDhgptanoate (49b) 

Following a procedure analogous to that described above for 49a, but 
substituting p-anisoyl chloride for benzoyl chloride, the title compound was ^ ^ 
obtained as a light yellow solid in 59% yield: >H NMR (300 MHz, CDCI3) 8 7.94 (d, 
J = 9.0 Hz, 2H), 6.93 (d, J = 9.0 Hz, 2H), 4.12 (q, J = 6.9 Hz, 2H), 3.87 (s, 3H), 2.91 (t, 
J = 7.2 Hz, 2H), 2.30(t, J = 7.5 Hz, 2H), 1.74 (m, 2H), 1.65 (m, 2H), 1.39 (m, 4H), 1.25 
(t, J = 6.9 Hz, 3H); "C NMR (75.4 MHz, CDCI3) 8 14. 19, 
15 24.29, 24.75, 28.91, 28.96, 34.21, 38.06, 55.37, 60.10, 113.58, 
130.02,130.21,163.23,173.71,198.93. 

mv, y 1 7 -f4-ftrif i"^mPthvnbenzovnheptanoate (49c) 

Following a procedure analogous to that described above for 49a, but 
substituting p-(trifluoromethyl)benzoyl chloride for benzoyl chloride, the title 
20 compoundwasobtainedasawhite S oUdin67%yield: 'HNMR (300 MHz, 

CDCy 8 8.06 (d, J = 8.1 Hz, 2H), 7.72 (d, J = 8.1 Hz, 2H), 4.13 (q, J = 6.9Hz, 2H), 
3.01 (t, J = 7.2 Hz, 2H), 2.31 (t, J = 7.2 Hz, 2H), 1.76 (m, 2H), 1.66 (m, 2H), 1.41 (m, 
4H), 1.25(t, J = 6.9 Hz, 3H); *C NMR (75.4 MHz, CDCl,) 

8 14.00, 23.63, 24.56, 28.66, 28.71, 33.98, 38.48, 59.93, 123.46 (q, J, = 272 Hz), 125.42 
25 (q, J. = 3.7Hz), 128.15, 133.93 (q, J CT = 33.5 Hz), 139.52, 173.42, 198.91. 

Pfh yl 7-(A-bromo b^^r> y nheptanoate (49d) 

Following a procedure analogous to that described above for 49a, but 
substitatingpbromobenzoylcWorideforbenzoylcWoride,1hetitlecompound ^ 

was obtained as a white solid in 70% yield: 'H NMR (300 MHz, CDCy : 8 7.80 & 
77 
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J = 8.7 Hz, 2H), 7.59 (d, J = 8.7 Hz, 2H), 4.12 (q, J = 6.9 Hz, 2H), 2.92 (t, J = 7.2 Hz, 
2H ), 2.30 (t, J = 7.5 Hz, 2H), 1.73 (m, 2H), 1.64 (m, 2H), 1.38 (m,4H), 1.25 (t, J = 6.9 
Hz, 3H); "C NMR (75.4 MHz, CDCy 5 14.21, 23.95, 24.73, 28.87(2), 34.21, 38.37, 
60.14, 127.98, 129.53, 131.82,135.69,173.66, 199.18. 
5 Fth yl 7-f2-ac^ ovyhpnzoynhpptanoate (49e) 

Following a procedure analogous to that described above for 49a, but 
substituting o-acetoxybenzoyl chloride for benzoyl chloride, the title compound 
wasobtainedasacolorlessoilinSSyoyield: l H NMR (300 MHz, CDCy 8 7.76 
(dd, J = 8.4, 1.5 Hz, 1H), 7.51 (m, 1H), 7.31 (m, 1H), 7.10 (dd, J = 7.8, 1.2 Hz, 1H), 
10 4.12(q, J = 6.9 Hz, 2H), 2.87 (t, J = 7.2 Hz, 2H ), 2.33 (s, 3H), 2.29 (t, J = 7.5 Hz, 2H), 
1.65 (m, 4H), 1.36 (m, 4H), 1.25(t, J = 6.9 Hz, 3H); »C NMR (75.4 MHz, CDCy 
8 14.20, 21.07, 23.79, 24.73, 28.79, 28.87, 34.20, 

40.18, 60.12, 123.77, 125.95, 129.60, 130.98,132.95, 148.74, 169.44, 173.66, 200.21. 

T?tV. y1 7-(1-naphth n y nViPptanoate (49f). 
15 Following a procedure analogous to that described above for 49a, but , ; 

substituting 1-naphthoyl chloride for benzoyl chloride, the title compound was 
obtained as a white solid in 58% yield: >H NMR (300 MHz, CDCI3) 8 8.56 (d, J = 
8.7 Hz, 1H), 7.42-7.92 (m, 6H), 4.10 (q, J = 6.9 Hz, 2H), 2.98 (m, 2H), 2.26(t, J = 7.5 
Hz, 2H), 1.75 (m, 2H), 1.62 (m, 2H), 1.36 (m, 4H), 1.22 (t, J = 6.9 Hz, 3H); "C NMR 
20 (75.4 MHz, CDCI3) 

5 14.02, 24.23, 24.55, 28.70(2), 33.98, 41.79, 59.89,124.12, 125.51, 126.12, 126.99, 
127.51, 128.14, 129.87, 132.06, 133.69, 136.00, 173.39, 204.44. 

P.th yl 7-f2-na pV»thr>y1 > >heptanoate (49g) 

Following a procedure analogous to that described above for 49a, but 

25 substituting**^^ 

obtained as a white solid in 54% yield: 'H NMR (300 MHz, CDC^: 8 8.47 (s, 1H), 
7.86-8.05 (m, 4H), 7.51-7.62 (m, 2H), 4.12 (q, J = 6.9 Hz, 2H), 3.10 (t, J = 7.5 Hz, 2H), 
2.31 (t, J = 7.5 Hz, 2H), 1.80 (m, 2H), 1.62 (m, 2H), 1.41 (m, 4H), 1.25 (t, J = 6.9 Hz, 
3H). 
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Ffh yl 7-(4-biphpnyr>carh rmy1heptanoate (49h) 

Following a procedure analogous to that described above for 49a, but 
substituting 4-biphenylcarbonyl chloride for benzoyl chloride, the title compound 
was obtained as a white solid in 41% yield: 'H NMR (300 MHz, CDCy 5 8.01 (d, J 
= 7.2 Hz, 2H), 7.39-7.69 (m, 7H), 4.12 (q, J = 6.9 Hz, 2H), 2.99 (t, J = 7.2 Hz, 2H), 
230ft, J = 7.5 Hz, 2H), 1.76 (m, 2H), 1.65 (m, 2H), 1.40 (m, 4H), 1.25 (t, J = 7.2 Hz, 
3H). 

Eth yl 7-(2-fiiranovtthe ptannate (49i) 

Following a procedure analogous to that described above for 49a, but 
substituting 2-furanoyl chloride, the title compound was obtained in 71% yield: 
'H NMR (300 MHz, CDClg) 5.7.59 (d, J = 1.8 Hz, 1H), 7.19 (d, J = 3.3 Hz, 1H), 6.54 
(dd, J = 3.3, 1.8 Hz), 4.12 (q, J = 6.9 Hz, 2H), 2.82 (t, J = 7.5 Hz, 2H), 2.30 (t, J = 7.5 
Hz, 2H), 1.72 (m, 2H), 1.64 (m, 2H), 1.38 (m, 4H), 1.25 (t, J = 6.9 Hz, 3H); "C NMR 
(75.4 MHz, CDC^) 5 14.07, 23.87, 24.58, 28.68, 28.72, 34.05, 38.14, 59.98, 
111.97, 116.68, 146.05, 152.60, 173.52, 189.39. 

Eth yl y-fS-fuT ^yl^Pptanoate <49i) 

FoUowing a procedure analogous to that described above for 49a, but 
substituting 3-furanoyl chloride for benzoyl chloride, the title compound was 
obtained as a yellow oil in 24% yield: 'H NMR (300 MHz, CDCy 8 8.03 (m, 1H), 
7.44 (m, 1H), 6.76 (m, 1H), 4.12 (q, J = 6.9 Hz, 2H), 2.74 (t, J = 7.5 Hz, 2H), 2.29 (t, J 
= 7.5 Hz, 2H), 1.71 (m, 2H), 1.63 (m, 2H), 1.37 (m, 4H), 1.25 (t, J = 6.9 Hz, 3H); *C 
NMR (75.4 MHz, CDCI3) 

5 14.18, 24.04, 24.69, 28.82(2), 34.18, 40.23, 60.13, 108.56, 127.69, 144.09, 
146.98, 173.68, 195.10. 

VAh y \ y-^-thio pheneV aifronylheptanoate (49k) 

Following a procedure analogous to that described above for 49a, but 
substituting 2-thiophenecarbonyl chloride for benzoyl chloride, the title 
compound was obtained as a colorless oil in 66% yield: H NMR (300 MHz, 
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CDCy 8 7.70 (dd, J = 3.9, 1.2 Hz,lH), 7.62 (dd, J = 4.8, U Hz, 1H), 7.13 (dd, J = 4.8, 
3 9Hz), 412(4 J = 7.2Hz, 2H>, 2.90 ft J = 7.2 Hz, 2H), 230 (t, J = 7.5 Hz, 2H), 1.75 
( m ,2H),1.64(m,2H).139(m.4H),l^(U = «Hz,3H);»CNMR(75.4MHz, 

CDCy 5 14.23, 24.48, 24.75, 

28.87, 28.90, 34.24, 39.23, 60.17, 128.01, 131.65, 133.34, 144.42, 173.73, 193.31. 
Eth y] 7-f9-bRn Z o ^i'^T.V a rbonvlhpptanoate (491) 

Following a procedure analogous to that described above for 49a, but 
substituting 2-benzofurancarbonyl chloride for benzoyl chloride, the title 
compound was obtained in 45% yield: *H NMR (300 MHz, GDCl,) 5 7.15-7.65 (m, 
5^4.02(^ = 7.2^^ 

2H), 1.54 <m, 2H), 1.30 (m, 4H), 1.15 (t, J = 7.2 Hz, 3H). 

Following aprocedure analogous to that described above for 49a,but 
substituung^benzotiuophenecarbonyl chloride for benzoyl chloride, the title 
; CO xnpoundwasobtainedin44% yield: >H NMR (300 MHz, CDCy 5 7.87 
Cs,lH),7.79( m ,2H^^^ 

2.23(U = 7.5Hz,2H),1.70(m,2H),1.57(m,2H),1.30(rn,^ 
3H). 

gto p 3j 7-AToy ^T ta ™ ic ari(1s (5° a - m > 

0 7-(9-BpnzoyT)^p ptanoic acid (50al 

Toa S ti 1 red S olu ti ono£49a(610mg,23 mm ol)inTHF(35mL)a„dMeOH 

^^ata^ient^peratoe was added 1NN.OH (33^,35^01),^ 
the mixture was stead for2h. Ate removal of organic solvents, the resumng 
aoueous solution was acidified with IN HQ and then extracted with ethyl acetate. 
25 Thecombmedorgaruclayersweredried^oncenuateduruierreducedp^sure^ 
rive the crude product. Puriflcationby flash silica gel chromatography (7/. 
MeOH in chloroform) afforded the tide compound (Sll mg, 94% yield) as a white 
soUd: .H^(300MHz,CDCy87.96(d,I = 6:9Hz,2H),7.41-7^1(m,3H),Z97 
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(t J = 7.5 Hz, 2H), 2.36 (t, J = 7.5 Hz, 2H), 1.75 (m, 2H), 1.66 (m, 2H), 1.40 (m, 4H); 
»C NMR (75.4 MHz, CDCl^ 8 24.01, 24.43, 28.80, 28.86, 33.92, 38.37, 127.98, 
128.50, 132.88, 136.91, 179.95, 200.44. 

7- (^Aniso yl)hpp*a"Qfr acid (50bl 

Following a procedure described above in 50a, but substituting ester 49b 
for ester 49a, the title compound was obtained as a white solid in 51% yield: >H 
NMR(300MHz / CDCU57.94(d,J = 9.0Hz / 2H),6.93(d,J = 9.0Hz / 2H),3.86(s, 

3H), 2.91(t, J = 7.5 Hz, 2H), 2.36(t, J = 7.5 Hz, 2H), 1.73 (m, 2H), 1.65 (m,2H), 1.40 
(m, 4H); *C NMR (75.4 MHz, CDCIJ 

8 24.25, 24.40, 28.76, 28.86, 33.83, 37.99, 55.33, 113.58, 129.93, 
130.24, 163.26, 179.40, 199.22. 
T-^Trifluo ^^^vlbenzovDheptanoir acid (50c) 

Following a procedure described above in 50a, but substituting ester 49c 
for ester 49a, the title compound was obtained as a white solid in 68% yield: *H 
NMR(300NlHz,CDCy58.06(d,J = 8^ 

75Hz,2H),2.37(t,J = 7.5Hz,2H),1.76(m,2H),1.67(m,2H),1.42(m,4H); C 
NMR (75.4 MHz, CDCU 5 23.75, 24.39, 28.78(2), 33.90, 38.67, 123.69(q, JcF = 272 
Hz), 125.62(cj, Jqi — 3.7Hz), 128.33, 134.21(0,, Jq? ~ 32.6Hz), 139.59, 180.07, 199.28. 

7 ^_p r »T»^ P r, y n Y l > lhpptanoic acid (50d) 
) Following a procedure described above in 50a, but substituting ester 49d 

for ester 49a, the title compound was obtained as a white solid in 91% yield: l H 

-75Hz ^^frJ^Z^H^^l^^l^ZH),!^^ C 
NMR (75.4 MHz, CDCl,) 8 23.92, 24.43, 28.80, 28.84, 33.87, 38.35, 128.04, 
5 129.56, 131. 85, 135.69, 179.74, 199.26. 

V-^-Aretoxvb ^^Y^ pfc" 10 ^ acid f50e) 

Following a procedure described above in 50a, but substituting ester 49e 
for ester 49a and using 2.5 equivalent of IN NaOH, the title compound was 
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obtained as a white solid in 94% yield: *H NMR (300 MHz, CDCy: 
8,239(S,1H>, 10.65 (br s >1 H ) ,7.75(dd, I = 8.1,l. 5 H 2 ,lH),7.4 5( -n,lH),6.98(dd, 
, = 8 4,0.9Hz,lH),6. 8 9(m.lH),2.98(t,)=.7.5Hz,2H), i 37(.,J = 73Hz,2H), 
1 76 (m. 2H), 1.66 (m, 2H>, 1.41 (m, 4H); »C NMR (75.4MHz, CDCy 
8 24.13,24.39,28.75,28.18, 33.90,38.08, 118.47, 118.81, 119.25, 
129.90, 136.18, 162,42, 180.04, 206.67. 

■^l-Na phthp y'lM'tanoic acid (50f) 

Foilowing a procedure described above in 50a, bu, subs.iba.ing ester 49f for 
es te r49a,*e tt aecc m poundwasobtainedasawhite S oUdin97%yleld: HNMR 
0 (300MHz,CDCg : 58.53(d,J = 8.7Hz,lH),7.9 5 (d,I = 8.1Hz,lH),730.7. 8 7( m , 
( ~.«^3H,.,03(U = 7,Hz,^.234«U = 73Hz,2H,.,79( m ,2H). 
mm,2H),i:41( m ,4H).°CNMR(75.4MHz,CDCl,):824.42(2),28*2 8 .87 

136.27,180.05,20487. 

Mowingaprc^uredeseribedaboveinSOa.bu.substotingester*^ 
for ester 49a, the title compound was obtained as a white solid in 78% yield: H 

7 5Hz,m2.37(,J = 73Hz,2H),1.80(»,2H).1.67(m,2H),1.43(m,4H), C 
,0 NMR(75.4^.Cr^824:20.24.48,28.27,28.95,33.92,38.48,123.89,126.69, 
127.73, 128.33, 128.39, 129.52, 129.60, 132.51, 134.30, 135.50, 179.85,200.36. 

Hz, 2H), 236 (t, J = 7.5 Hz, 2H), 1.75 (m, 2H), 1.66 (m, 2H), 1.42 (m, 4H). 
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7-f?-PiiTano yr>he p+ ar>r " r arid (50i) 

Following a procedure described above in 50a, but substituting ester 49i for 
ester 49a, the title compound was obtained as a white solid in 88% yield: «H NMR 
(300MHz,CDCg8ll.4(brs,lH),7.54(dJ = 0.9Hz,lH),7.15(dd,J = 3.6,0.9Hz, 

5 1H) 6.49 (d, J =3.6 Hz, 1H), 2.78 (t, J = 7.5Hz, 2H),2.31 (t, J = 7.5 Hz, 2H), 1.65 (m, 
2H),1.59(m,2H),1.35(m,4H);»CN^^^ 
28.73, 33.84, 38.16, 112.05, 116.89, 146.18, 152.61, 179.81, 189.64. 

7-(yPnranoyr>bpptanoic acid (50j) 

FoUowing a procedure described above in 50a,but substituting ester 49j for 
10 ester49a,thetiuecompoundwa S obtamedasawWtesoUdin63%yield: 'HNMR. 

•75Hz,2H),2.36(t,J = 7.5Hz,2H),1.72(m,2H),1.65(m,2H),1.38^^ 
NMR (75.4 MHz, CDCQ 524.02,24.39,28.74,28.80,33.88,40.21, 108.58, 127.68, 
144.12,147.06,179.84,195.26. 

!5 7-f9yT^iophp"* V*rhonv1 h°p*»"™r arid (50k) 

Following a procedure described above in 50a, but substituting ester 49k 
for ester 49a, the title compound was obtained as a white solid in 77% yield: >H 
NMR(300MHz,CDC^87.n(dd,J = 3.6,0.9Hz,lH),7.62(m,lH),7.12(m,l^ 
290 (tJ = 7.5Hz,2H),2.36(t,J = 7.5Hz,2H),1.75(m,2H),1.65(m,2H),1.40(m, 

20 4H);»CNMR(75.4MHz,CD^ 
131.72, 133.37, 144.20, 179.92, 193.35. 

7-(9-Bpn7ofur"^)^^"Tivlheptanoic acid (501} 

Fouowmgaprocsduredesmbeda 
ester 49a, the title compound was obtained as a white soUd in 84% yield-H NMR 
25 (300MHz /a ceton^810.6(brs,lH),7.25-7.80(m,5H),3.00(t,J = ^ 
2.24 (t, J = 7.5 Hz, 2H), 1.60-1.80 (m, 4H), 1.40 (m, 4H). 
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FoUowingaptoceduredescribedaboveinSOa.butsubstttaBnges.er^ 
for ester 49a, the title compound was obtained as a white solid in 90% yield: li 
NMR (300 MHz, acetene^) 5 mSfbr s, 1H), 7.40-8.25 (n, 5H). 3.10 ft J - 75 Hz. 
2H), 214 (t, J = 7.5 Hz, 2H>, 150-1-80 (m, 4H), 1*0 (m, 4H). 



M-H^ro«v-8-c - i "1 i "^«-rhe m rlortenamide(51a| 

Mowing the procedure described in Example 14, step 3, bu, substituting 
c^oxylic add 50a for 37, the title compound was obtained a, nghtyeUow oil in 
54% yield: >H NMR (300 MHz, CD.OD/CDO, = 5/1) 8 755 (m, 2H), 7.36 (m, 3H), 
Sr., = 7.5Hz, ffl ,,Z07(t, ] = 7.5Hz, 2 H,,1.56 (m .4H,,155 ( rn,4H, ; »CNMK 

(75.4 MHz, CD.OD /CDC1, = 5/1) 

5 25.09, 25.78, 25.92, 28.43, 28.95, 32.55,126.12, 128.21, 128.75, 135.85. 
159.52,171.25. 

" " Y n Y r . V^li-fA-hiphenvllorte.iarmde (2-5U0 

Ponowinguteprc^uredescribedinExan^leHstepS.bu.^tu^ 
caAoxyuc acid 50h for 37 the title compound 51hwaz obtained a* a white sobd m 
4 5 % y ield,al„ngwifc52h(19%). DataforBlh: *H NMR (300 MHz, 

fD ; U = 69^,2H), 1 59( m ,4H ) ,1.37 ( rn,4H);»CNMR(7 5 .4MHz,CDa, 
/CDCL = 5/1)8 25.13,25.78,25.88,28.47, 

29 00 32 58 126.51, 126.72, 126.85, 127.33, 128.59, 134.72, 140.14. 141.47, 
5 ,Tl71.24. OararorSflz *H NMR (300 MHz, CDjOD/CDQ^ = 5/1) 8 735-7.68 

176.54. 
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furanoyl)heptaaaaQide (52i) 
Mowing the precede described in Example 14, step 3. but substituting 
ca I b O x y Ucadd50 if o r 37,«hetitieco m pound5 U wasob^asa6:4 — of 

5 E . a n7z- i so I ne r sin 2 6% y ield,along W iu,52 i ( 11 %). DataforStt HNMR(300 
MH 2 ,CD P D/CDa, = 5/l) 8 63 1 -735(rr,3H),^(r»,2H),1.98M1.47 
(m,4H),1.24(m,4H). ■HNMR(30OMHz,CD,O P /CDC ls = 5A) 

; 6 Z, J = ^Hz, 1 H,7,l(d. I =3,H,, 1 H),6^(dd, J = 3,, 1 ,H 2 ,^ 

M ( ; S .4MHz,CDp D /CDa 3 = 5 / 1 )823.84,25.00, 2 8.49(2),3Z47.37.98,l l Z08, 

117.45, 14653, 15Z27, 171.09, 190.25. 

U h^-^T-h^Trolhfntlilwrnl^ 152a) 

Following the procedure described in Example 14, step 3, bu, substituting 
C arbox y licadd S 0afor37andusir«l.lec 1 mvalen.o £ NH ! OH.Ha ii nd 

rm,lH),7.47(m.2H), M 8(U = 75Hz,2H),2.13 ( m.2H,,1.72(m,2H),1.64 (m , 
2H),1.38(m,4H); »CNMR(75.4MHz,CD,OD/CDC3,= 5/l) 

20 M-l.yH m vY-7-( r «l'^" y'''beptanamide(52b> 

FoUowmg*eprocedu«descxibedmE^plel4,step3,butsubstituting 

^ b oxylicac i dSObfor37andusingl.le q mvalento fW .Haand 
«e*ylanuneeach, tire title compound wasobtamed as Ugh, yellow sobdm 48^ 

,5 rlH,2H),S^8(s,3H),2.93(U = 7.2Hz,2H,,2.11(U = 75Hz,2H,,l 5 9- 
1.79(m.4H),1.37(m,4H) ; "CNMR (75.4MHz, CD.OD/CDO.^ 5/1) 
824 15, 25.04.28.59(2), 32.51,37.88, 55.21, 11354, 12 9.58, 130.20. 16359, 171.10, 
200.06. 
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Following the procedure described in Example 14, step 3, but substituting 
carboxylic acid 50c for 37 and using 1.1 equivalent of NH,OH • HQ and 
triethylaxnine each, the title compound was obtained as light yellow solid in 35% 
yield: 1 HNMR(300MHz,CD 3 OD/CDCl 3 = 5/l)58.07(d,J = 8.4Hz,2H),7.74(d, 
J = 8.4H 2 ,2H),3.02(t,J = 73Hz,2H),2.12(t,J = 73Hz,2H),1.75(rn,2H),1.65 
(m 2H), 1.40 (m, 4H); U C NMR (75.4 MHz, CDpD/CDCl, = 5/1) 
5 23.57, 25.03, 28.51, 28.59, 32.50, 38.50, 123.37(q, J ff = 273 Hz),125.43 (q, J a = 3.7 
Hz), 128.18, 134.09 (q, J. = 32.6 Hz), 139.32, 171.15, 199.93. 
M-K yHrnw^-^^ ^^^nzov^n^ta^Rmide (52d) 

FoUowing the procedure described in Example 14, step 3, but substituting 
carboxylic acid 50d for 37 and using 1.1 equivalent of NHpH • HQ and 
triethylamine each, the title compound was obtained as Ught yellow solid in 31% 
yield* *H NMR (300 MHz, CD s OD/CDQs = 5/1) 8 7.82 (d, J = 7.5 Hz, 2H), 7.62 (d, 
r=7.5Hz,2H),2.95(t,J = 7.2Hz,2H),2.11(m,2H),1.5^ 

4H). 

Nhyrlrrrry ^-fQ-^^vyhpn 7 .ovllhep1anamjdej52ea 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic acid 50e for 37 and using 1.1 equivalent of NH.OH HQ and 
0 tri emylammee a ^metiti e compoundwasobtamedasUghtyeUowsoHdm43/o 
yield: >HNMR(300MH 2 ,CD3GD/CDGl 3 = 5/l)57.78(dd,J = 8.1,1.2Hz,lH), 

(t T-75Hz,2H),1.59-1.79(m,4H),1.40(m,4H); n C NMR (75.4 MHz, 
CD 3 OD/CDCl3 = 5/l)823.97,32.51, 37.94,118.02,118.84,119.01, 129.86,136.09, 
25 161.76,171.15,206.79. 

Iij3j:dm ._-7- f i- T , ar T,fhn y1meptanamide (52f ) 

FoUo wingmeproc*du^^ 
carboxylic acid 50ffor37 and using 1.1 equivalent of NH.OH-Haand 
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thiamine each, the title compound was obtained as light yellow solid in 58% 
yield 'H NMR (300 MHz, CD.OD/CDO, - 5/1} 5 8.50 (d, J = 8.1 Hz, 1H), 7.40- 
790 <m,6H),2.93(«,J=7.5Hz,2H), 2.12 (m. 2H>, 1.69 (m, 2H>, 1.59 (m, 2H), 1.30 
(m,4H);"CNMR (75.4 MHz, CD.OD/CDO, = 5/1) o 24.27, 25.08, 28.63(2), 32.65, 
41.88, 124.29, 125.53, 126.27, 12733, 127.70, 12830, 129.91, 13232, 133.77, 135.91, 
171.87,205.28. 

f J-h yHroyV-7-(? -"° r hth " VnW! "' i " lnide(5 i tS > 

Fonowingthepro<^uiedescribedinBxa m ptel4,step3,butsubstituting 
C arboxylicadd50gfor37andusingl.le q uiva 1 entofNH,OH.Haand 
triethylamine each, the title compound was obtained as tight yellow solid m 31 A 
yield: 'H NMR (300 MHz, CDgOD/CDCl^ = 5/1) 8 8.47 (s, 1H), 733-8.01 (m, 6H), 
3 10 (U = 7.5 Hz, 2H), 2.12 (m, 2H), 1.78 (m, 2H), 1.66 (m, 2H), 1.42 (m, 4H); C 
NMR (75.4 MHz, CDjOD/CDCl, = 5/1) 524.01, 25.07, 28.62(2), 3234, 38.27, 123.47, 
!2636, 127.48, 128.22, 128.28, 129.03, 129.60, 13227,133.86, 135.37,171.19,201.18. 
M-l,y^ m vy-7- ^f 'lT"" y»bar'6»nanlide(52i) 

Following the procedure described in Example 14, step 3, but substituting 
c aI boxyUcacid50ito37andus i ngl.lequivalento f NH ! OH.Haand 
tnethylamine each, me title compound was obtained as light yellow solid m 33 h 
yield: 'HNMR (300MHz, CDpD/C^ = 5/1) 8 8.W (br s, 1H), 7.46 (nv 1H), 

(m ,4H); »C N MR(75.4MHZ,CD,OD/CDC1 > = 5/1)523.90,24.99,28.45(2),324 8 , 
39.98, 108.19, 127.37, 144.15, 147.43, 171.08, 196.21. 
M -l, y H^w-7-(2-thio|il l r nn)mrbonylheptanamide(52kl 

PoUowing the procedure described in Example 14, step 3, but substituting 
carbc^Ucadd50k f or37a I ulusingl.le q u i valen,ofNH,OH.Haand 
Wemylamineeach, the title compound was obtained as light yellow sohdm 56/. 
yieM:'HNMR(300MHz,CD,OD/CDCl, = 5/l) 8 7.76(d,J = 27Hz,lH),7.68(d 

J=4.5 Hz, 1H), 7.16 (m, 1H), 2.92(t, J = 7.5 Hz, 2H), 2.10 (t, J = 7.5 Hz, 2H), 1.74 (m, 
2H), 1.64 (m, 2H), 1.36 (m, 4H). 
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M.i, y Hrnyy-7-f2^^^ir fl nkarb oTiv1h Pr tanamide(52U 

Followingtheproce^^ 
carboxyUc acid 501 for 37 and using 1.1 equivalent of NH,OH • HQ and 
thiamine each, the title compound was obtained as light yellow solid in 20 /o 
yield: *H NMR (300 MHz, acetone^) 5 7.35-7.85 (m, 5H), 2.99 (t, J = 7.5 Hz, 2H), 
2.10(t, J = 7.5 Hz, 2H), 1.50-1.80 (m, 4H), 1.36 (m, 4H). 

^ y ^nv Y-7-('2-ber^ 

Following the procedure described in Example 14, step 3, but substituting 
carbox y Hcadd50mfor37andusingl.le q uivalentofNH 2 OH.HCland 
tnethylamine each, ft* tide compound was obtained as light yellow solid >n 31 /o 
yield: 'H NMR (300 MHz, CD 3 OD/CDCl, = 5/1) 5 8.23 (s, 1H), 8.00 (m, 2H), 7.49 
rm,2H),3.05(t,J = 7.5Hz,2H),2.10(t,J = 7.5Hz,2H),l^ 

4H). 

Bvample 19; 

N-(2-Aminophenyl)-7-aroylheptanamides(53) 

Pollov^tepr^duredescribedinExampletbut^stilutag ^ 
caxboxyUcacid6 0 aforl6, t heMeco m poundw M ob«a iM d i n23%yield: H 
„ ^(300^,C^a 7 . 9 3(d,, = 8.4H Z ,2H,,7. 8 2( brS ,lH,,6.^. 55 ^ 7 H), 
3. M (brs,ZH),2.94(U = ^Hz,2H), i 29(U=75H Z<2H ), 1 ^1.80(m,4H), 

1 43 (m 4H); B C NMR (75.4 MHz, CDCy 

5 23.94,25.47,28.79,28.87,36.49,38.29,117.78,119.01,124.16,125.36, 
126.89, 127.90, 128.45, 132.87, 136.80, 140.88, 172.07,200.52. 
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p. ^ irn r hpnvlW-(r -^if" T"b*rrtanamide (Wb) 

Following tt>e procedure described in Example 6, but substituting 
carboxylic acid 50b for 16, the title compound was obtained in 40% yield: 'H 
NMR(300MHz, CD C U5 7.94(dJ = 87Hz,2H),7.35(brs,lH),7.19( m ,lH,,7.u5 
5 to 1H) 692(d,J=8.7Hz,2H),6.7(W.80(m,2H,,3.86(s,3H),3.85(brs,2H),2.9 2 
(U = 7SHz,2H),2.40(U = 7.5Hz, 2H). 1.6^1.80 (m, 4H), 1.43 (m, 4H) ; "C NMR 
(75.4 MHz, CDClj) 8 24.23, 

130.06, 130.29, 140.78, 163.34, 171.82, 199.13. 

10 xr- ( o-A m innph e n T iVM 1 -" ^^ ov1 ^ PT>tanamide(53f) 

Following the procedure described in Example 6, but substituting 
carboxylic acid 50f for 16, the tide compound was obtained in 60% yield: 'HNMR 

(300^,0*13)68^ 

6.60-7.82 (m,9H),3.69(br S ,2H),2.94(t,, = 7.5Hz,2H),2.18(t,J = 7.5Hz,2H), 
15 1.55-1.80 (m, 4H), 1-28 (m, 4H); 13 C NMR (75.4 MHz, CDCy 
5 24.20, 25.30, 28.64, 28.69, 36.16,41.78, 117.37, 

132.13, 133.61, 135.85, 140.89,172.15,204.96. 
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Fv amr le20; 

N-Hydiox^6^-dimelhyl-7.(4-me l hoxybenzoy»hq.tana m de(58) 

o. tT . ^^dimemrlj ^l^^ 

foUowing.be procedure described in Example 10. stepl , but substituting 
ester 24 for carboxylic acid 16, the title compound was obtained in 94% yield: H 
^ ( 300MHz,CD Cy a7^(d.I = 8THz,2H),6.86(dJ = 8 7H Z ,2^4.1^I 

*72 Hz, 2H), 3.82 (s, 3H), 3.78 (s, 1H), 3.15 (s, 3H), 230 (t, J = 7.2 Hz,2H), 1.59 (m, 
2H), 1.26 (t, J = 7.2Hz, 3H), 1.25-1.40 (m, 4H), 0.83 (s, 3H), 0.76 (s, 3H). 
-U t, - rnrrl 6 6 i i-^^methn^henynbeptanoate (55 1 

ester 54 for ester 3,, tide compound was obtained in 64% yield. 'HNMR (300 
MH z,CDCU87.0Hd,,.8.7Hz.2H),6.81(d,I = 8.7H^2H),4.13( q ,J=.2H,, 
2H),;.79fe3H,,243(s,2H),231(U = 7.2Hz,2H,,1.60(m,2H),1.26(U = 7.2 

i Hz, 3H), 1.15-1.40 (m, 4H), 0.82 (s, 6H); °C NMR (75.4 MHz, CDCy 
8 14.26, 23.76, 25.81, 26.69, 34.07, 

34.41, 41.50. 47.40, 55.16, 60.16, 113.01, 131.37, 131.40, 157.73, 173.83. 
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. trr g. A-MPthv1-6-(4-xnrt hn^bpn70 Yl) be ptanoate (56) 

A mixture of ester 55 (190 mg, 0.65 mmol) and N-bromosucdnirnid^lSO 
mg , o 85 mmol) in Cd< was heated at reflux overnight in the presence of a 
catalytic amount of AIBN (7mg). The reaction mixture was cooled to ambxent 
temperature^andthefloatinssoUdwasfilteredoff. The filtrate was then 
concentrated to give the crude benzylic bromide: T^LNMR (300 MHz, CDCI3) 
5728(dJ = 87Hz / 2H),6.81(d,J = 8.7Hz / 2H),489(s,lH),4.13(q,J = 7.2Hz / 
2H),3.80(s / 3H) / 2.31(U = 7.5Hz, 2H), 1.60 (m, 2H), 1.26 (t, J = 7.2 Hz, 3H), 1.1C- 
1.40 (m, 4H), 1.05 (a, 3H), 0.93 (s, 3H). 

A mixture of crude bromide obtained above and 
bis(tetraburylammonium)dichroma tt (1.68 g, 2.4 mmol) » heated at reflux m 
CHCL (10 ml.) for 4 h. After removal of me solvent, the residue was dissolved m 
ethyl ether (50 *, washed with water, dried and concentrated. Purificauon by 
flash sfflca gel chromatography (15% eflwl acetate in hexar.es) gave me hfle 
compound (230 mg,63% yield) as Ught yellow oil: 'HNMR (300 MHz, CDOJ 
6 781(d,J = 9.0Hz,2H),6. 8 9(d, ) = 9.0Hz,2H).4.08( qj , = 7.2Hz,2H),3.86(s 
3H), 2-23(t,J = 7.5Hz, 2H), 1.79 (m, 2H), 1.55 (m, 2H), 1.32 (s, 6H), 1.23 ft J = 7.2 
Hz,3H),1.21(m,2H). 



20 



- trr t ^ >^th„l-fi-(4-methoxvbenzoyl)h! 

FoUowing a procedure analogous to mat described for 50a bu, substituting 
eater 56 for ester 49a, me title compound was obtained in 93% yield: "HNMR (300 
MHz CDCU67.67(d,J = 9.0Hz,2H),6.78(d,I=9.0Hz,2H),3.73(s,3H),210(., 
^;^,1.67(m!2H), 1.4 2 (m,2H),1.19(s,6H,,1.13(m,2H) ; »CNMK(7 5 .4 
MHz, CDCy 524.15, 25.13, 26.16, 33.57, 40.81,47.32, 55.08, 113.11, 130.27, 130.31, 
25 161.90,176.12,207.01. 

Following the procedure described in Example 14, step 3, but substituting 
carboxyUcacid57for37,me«iflecompoundwasobteinedin39%yield: HNMR 
( 300ML.C D p D /Coa 5 = 5/l): 5 7.80(d, J = 9.0Hz,2H),6.91(d,J = 9.0Hz,2H), 
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40.75.55.08, 113.12, 130.15, 130.32, 161.94, 170.94,207.08. 

lite - 

DDQ 

9 { 1 A/Na OH l ^ V A^~^O l >oEt 



1. EDC.HOBt 

2. NHaOH HO, 
EtcN 



5 Me 

Fvample 21 



c-1. T^ T I 4.6-dimrthTl ^.fr"^-7-'^N.Nz 

OT Jll Iii 1 ji-nf-">r^r" hmtan ° ,caa!ii5a 

JoUowtag *e procedure descrlbedlnExampleias^bu. substituting 

M I-90HZ 2H),6.70(d,J = 9.0Hz,2H),4.10«H = 7aHz,2H),3.74(d,J-6.9 
6H), 0.90 (d, J =6.6 Hz, 3H), 0.76 (d, J = 6.0 Hz, 3H). 
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^ „. n^i ^^ yl-fv-rA-f ^M-H^Pth ylaTTiino^enrovnheptanoate (60) 

Following the procedure described in Example 13,but substituting ester 59 
for compound 34, the title compound was obtained as a ca. 3:1 mixture of isomers 
m 42% yield: majorisomer 'H NMR (300 MHz, CDCL,) 5 7.88 (d, J = 9.0 Hz, 2H), 
5 6 64 (d, J = 9.0 Hz, 2H), 4.18 (q, J =7.2 Hz, 2H), 3.45 (m, 1H), 3.05 (s, 6H), 2.13 (m, 
2H), 1.22(t, J = 7.2 Hz, 3H), 1.20-1.83 (m, 5H), 1.02 (d, J = 6.6 Hz, 3H), 0.81 (d, J = 
6.3 Hz, 3H); B C NMR (75.4 MHz, CDCl^ 

5 14.13, 17.53, 19.02, 30.33, 31.80, 32.16, 37.06, 39.91, 40.06, 60.08, 
110.66, 124.15, 130.32, 153.19, 173.81, 202.28. 
10 A-MPthvl-f [/.-{X fM^^Pthvlammn^rTi^Yllbpptanoir acid (61) 

Following the procedure described for 50,but substituting ester 60 for ester 
49 the title compound was obtained in 94% yield: majorisomer. *H NMR (300 
MHz, CDC!,) 8 7.89 (d, J = 9.0 Hz, 2H), 6.66 (d, J = 9.0 Hz, 2H), 3.45 (m, 1H), 3.05 
(s,6H),2.15(m,2H),1.20-1.83(m,5H),1.14(d,J = 6.6Hz,3H),0.93(d,J = 6.3^ 

15 3H). 

St^J^ti^droxy^^ 
(62) 

Following the procedure described in Example 14, step 3, but substituting 
carboxyUcadd61for37,metitiecompoundwasobtamedin44%yield: major 
20 isomer. 1 HNMR(300MHz,CD 3 OD/CDCl 3 = 5/l)87.82(d,J = 9.0Hz,2H),6.62 
(d, J = 9.0 Hz, 2H), 3.40 (m, 1H), 3.01(s, 6H), 2.05 (m, 2H), 1.20-1.83 (m, 5H), 1.07 
(d, J = 6.6 Hz, 3H), 0.88 (d, J = 6.3Hz, 3H). 
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MiR^H,!)^ f^T""' (Example 22) 
M:B 1 = H,R J = OCH s {Example 23) 
65:R,= CH s ,R 2 =OH (Example 24) 

66:B,= H.F1 ! =(^^ <:,, (Example 25) 

67:B,= H,R 2 =CI7' ,H ' (Example 26) 



15 



yya|«p)e 22: 

W2 -A m ii.ophenyl)-7-<2-naphlhoyl)heptanaiidde(63) 

To a solution of 7K2-naphmoyl)heptanoic acid 50g (1.00 g. 3.52 mmol) in 
DMF (15 mL) were added HOBT (950 mg, 7.04 mmol) and EDC (1.00 g, 5.28 

phenylenediarrdrtePSOm^.Mmmol) was added and the solution was snrred a. 

Lm temperature** 16hours. ^^^^"I^Z^x 
deionized water was added, and the mixture was extracted w* ethyl acetete (2x 
30mL). Thecombir^orgeruclayerswerewashedwimsatoretelsod^ 

we re removed inland the We compound 63 (558 mg, 42%) washed by 
lecrystallization from acetone and dichloromethane. 'H NMR (300 MHz, 20% 

4H, 311(t,, = 7.2rfc,2H),239(t,J = 7.5Hz,2H>, 1.77 (m,4H), 1.46 (m,4H). C 
NMR (75 MHz, 20-/. CD.OD in CDCy: 8 23.99, 25.40, 28.66, 28.74, 
36 08, 38.23, U7.69, 1.9.09, 123.45, 124.01, 125.34, i26.53.26.86, 127.45, .28,9, 12S. 
23 129.28, 129.56, 132.23, 133.85, 135.32, 140.58, 172.81,201.11. 
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F.xam ple 23: 

AT-Methoxy-7-(2-naphthoyl)heptanamide(64) 

To a solution of 7-(2-naphthoyl)h e ptanoic acid 50g (500 mg, 1.76 mmol) in 
DMF (10 mL) were added HOBT (309 mg, 2.29 mmol) and EDC (504 mg, 2.64 
5 mmol). The mixture was stirred at room temperature for 1 hour, after which 
methoxylamine-Ha (176 mg, 2.11 mmol) and triemylamine (300 uL,. 2.11 mmol) 
were added and the solution was stirred at room temperature for 16 hours, then at 
45°C for 2 hours. The DMF was evaporated under high vacuum, deionized water 
was added, and the mixture was extracted with ethyl acetate (2 x 30 mL). The 
0 combined organic layers were washed with saturated sodium bicarbonate (10 
xnL), washed withbrine (10 mL), and dried (MgS0 4 ). The solvents were removed 
in vacuo and me title compound 64 (308 mg, 56%) was isolated by recrystallization 
from acetone. *H NMR (400 MHz, 5:1 CDO,CD 3 OD): 8.37 (s, IH), 7.89 (m, 2H), 
7.78 (m, 2H), 7.48 (m, 2H), 3.59 (s, 3H), 3.01 (t, J = 7.3 Hz, 2H), 1.96 (t, J = 7.3 Hz, 
15 ^,1.67(111,2^0,1.54^2^,1.31^^). 

Exam ple 24: 

N-Hydioxy-N-methyl-7-(2-naphthoyl)heptanamide (65) 

Following the procedure described in Example 23, but substituting N- 
me thyl-hydroxylamine-Ha for methoxylamme-HCl, the title compound 65 was 
20 obtained in 34% yield. * NMR (400 MHz, 5:1 CDCl^OD): 8 8.37 (s, IH), 7.88 
(m, 2H), 7.78 (m, 2H), 7.47 (m, 2H), 3.10 (s, 3H), 3.01 (t, J = 7.1 Hz, 2H), 2.36 (t, J = 
6.5 Hz, 2H), 167 (m, 2H), 1.52 (m, 2H),1.32 (m, 4H). 

F.xample 25; 

N-(2-Hydroxvphenyl)-7-(2-naphthoyl)heptanamide(66) 

25 Following the procedure described in Example 22, but substituting 2- 

aminophenol for 1,2-phenylenediamine, the title compound 66 was obtained m 
20% yield after purification by flash sihca gel chromatography (3% methanol m 
dichloromethane) followed by crystallization in ethyl acetate. *H NMR (CDCIJ: 6 
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8 38 (s, OH), 7.89 (m. 2H), 7.81 (m, 2H>, 7.48 (m, 3H), 6.81 (m, 3H), 3.03 ft J = 7.3 
Hz, 2H), 234 (t, I = 7.5 Hz, 2H), 1.68 (m, 4H), 1.37 (m, 4H). 



Uvanple 26; 

^(Z-AndnocydohexyU^-e-naphlhoyUheplanamideCeT) 

Mowing *e procedure described in Bcample 6, but substituting the 
acid 50g for the carboxylic acid 16 and ^-diarninocydohexyl forl> 
phenylenediamine, the tide compound 67 was cbtained in 16% yreld. H NMR 

2H), 3.07 (t, J = 6.9 Hz, 2H), 1.20-2.25 (m, 20H). 

68 509 

I CDI.THF 

T TFA H 3 C COOCft, 



69 : Example 27 



Fvam ple 27; 

N-(2-(N-Methyl-N-methyloxycarbonyl)aminophenyl)-7-(2- 
naphthoyDheplanamide (69) 

i) Substitution reaction 

To a solution of N-methyl-2-nitroarubne (1.00 g, 6.58 mmol) in ace«ne (15 
^was addedmemylchloroformate (20 mL,26mmol) and potassium carbonate 
(545 g 39.5 mmol). The reaction mixture was refluxed for 16 hours and men 
.tod at room temperature for 96 hours. The acetene was removed * «*, 
water was added, and me mixture was extracted with e*yl acetate (2 x 30 mL). 
96 
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The combined organic layers were washed with brine and dried (MgSOJC tt. 
solvents were removed in vacuo and me compound (808 m & 59%) was isolated by 
column chromatography (25% to 40% of eftyl acetate in hexane). 'H NMR: 
(400MHz, DMSOd,): 8 8-02 (m, 1H), 7.78 (n, 1H). 7.63 (d, J =7.7 Hz, 1H), 7.55 (m, 
1H), 3.66 and 3.45 (s, 3H), 3.29 and 3.23 (s, 3H). 
ii) Hydrogemtum 

A solution of 2-(N-methyl-N-methyloxycalbonyl)nitroanatae (600 mg, 286 
^ol, in memanol (6 mL) was hydrogenated over !0% Pd/C (51 mg, 0.048 
^ol) for 2 hours. The reaction mixture was filtered through a short pad of Cehte 
and ttre solvent was removed in vacuo to give the title compound 68 (489 mg, 
95%). 'H NMR (400MHz, DMSOd,): 8 6.94 (m, 2H), 6.70 (m, 1H), 6.50 (m, 1H), 
5.01 (br s, 2H), 3.64 and 3.49 (s, 3H), 3.33 (s, 3H). 

^ >M ^^ s ^-M-n,^vk^ ^^y l^"<W^V7^^WW^ 
Koptanamiflc (691 

Following the procedure described in Example 6, bu, substituting the 
carhoxytic acid 50g for tire carboxylic add tt and tire N-metiryl, N- 
methyloxycarbonyl-l^phmylenediamine for !,2-phenylenedi.mine, me title 
compound 69 was obtained in 32% yield. MS (EST) = 447.5 (MH*) 
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73 : Example 28 



Example 28: 

N-(2-Atninophenyl)-7-(2-naphihoyl)heptanamine(73) 

gtg g 1: 1-Hydio vy-1-T^-naphthvm-8-ortanol (70) 

Lithium aluminum hydride (114 mg, 3.00 mmol) was added to diethyl 
ether (3 mL) at 0°C. A solution of ethyl-7-(2-naphthoyl)-heptanoate 49g (312 mg, 
1.00 mmol) in ether (2 mL) was added dropwise at 0°C and ihe reaction mixture 
was stirred at 0°C for 1 hour, then at room temperature for 1 hour. Deionized 
water was added slowly dropwise (5 mL) followed by 2N NaOH (5 mL). The 
mixture was filtered through a short pad of Celite, washing with ether. The 
organic layer was separated and dried (MgSO.). The solvents were removed in 
vacuo to give the title compound 70 (247 mg, 91%). >H NMR (400 MHz, DMSO-dg): 
5 7.83 (m, 4H), 7.45 (m, 3H), 5.22 (m, 1H), 4.64 (m, 1H), 4.28 (m, 1H), 3.35 (m, 2H), 
1.68 (m, 2H), 1.37 (m, 2H), 1.22 (m, 8H). 
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Ste p 2: 7-f2-N a FhihoylV -^«T*a"ol (71): 

To a solution of l-hydroxy-l-[(2-naphthyl)]-8-octanol 70 (715 mg, 2,63 
mmol) in acetone (25 mL) was added manganese (TV) oxide (7.0 g, 81 mmol) and 
the reaction mixture was stirred at room temperature for 16 hours. The mixture 
was filtered through a short pad of Celite and the solvents were removed in vacuo. 
The title compound 71 (361 mg, 51%) was isolated by column chromatography 
(4-6 ethyl acetate^exane^H NMR (400 MHz, DMSO-dJ: 8 8.68 (s, 1H), 8.11 (d, 
1H), 8.00 (m, 3H), 7.64 (m, 2H), 4.32 (t, 1H), 3.15 (t, J = 7.2 Hz, 2H), 1.67 (m, 2H), 
1.40 (m, 2H), 1.32 (m, 8H). 
Qte p.g- i-Brom^ 7-[^-n ap hthov1)1beptane (72): 

To a solution of 7-(2-naphthoyl)-l-he P tanol 71 (175 mg, 0.606 mmol) in 
ether (5mL) at 0°C was added a solution of phosphorous tribromide (86 uL, 0.908 
mmol) in ether (1 mL) dropwise and the reaction mixture was stirred at room 
temperature for 6 hours. Saturated sodium bicarbonate solution was added 
slowly and the mixture was extracted with ether (2 x 20 mL). The combined 
organic layers were washed with brine and dried (MgSO,). The solvents were 
removed in vacuo to give the title compound 72 (141 mg, 70%). l H NMR (400 MHz, 
DMSO-dg): 5 8.66 (s, 1H), 8.12 (m, 1H), 7.99 (m, 3H), 7.62 (m, 2H), 3.50 (t, 2H), 3.11 
(t, 2H), 1.65 (m, 2H), 1.55 (m, 2H),1.31 (m, 6H). 

, ctop A- ^^-Amir^-Y^ 7 -^- ^^^ 1 ^ 3 " 3 ^ 6 (73) 

To a solution of l-bromo-7-[(2-na P hthoyl)]he P tane 72 (62 mg, 0.17 mmol) 
in toluene (2 mL) and DMF (1 mL) was added 1,2-phenylenediamine (60 mg, 0.56 
mmol) and N,N-diisopro P ylemylamine (36 uL, 0.21 mmol) and the reaction 
mixture was stirred at room temperature for 2 hours then at 75°C for two hours 

5 and finally refluxed for 5 hours. Saturated sodium bicarbonate solution (5 mL) 
was added and the mixture was extracted with dichloromethane (2 x 20 mL). The 
combined organic layers were washed with deionized water (20 mL), washed 
with brine (10 mL), and dried (MgSOj. The solvents were removed in vacuo and 
the title compound 73 (2 mg, 3%) was isolated by column chromatography (3:7-4:6 
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e*yl aceta t e:hexane) followed by recrystallization from ether and heWH 
NlL (400 MHz, DMSO-d 6 ): 6 8.69 (s, 1H), 8,4 <d, J = 8.0 Hz, 1H), 8.00 m, H), 
764 (m, 2H), 6.52 (m, 1H), 6.47 (m, 1H), 6.38 (m, 2H), 4.46 (s, 2H), 4.30 (m, 1H), 
3.17 (t, J = 7.4 Hz, 2H), 2.99 (m, 2H), 1.69 (m, 2H), 1.60 (m, 2H), 1.39 (m, 6H). 

50h • 1 OH 

74:R 1 =H,R 2 =Qf (Example 29) 

75 : R, = H, R 2 = (Jjf^ (Example 30) 

76 : R, = H, R 2 = -£) (Example 31) 

77:R 1 =H,R 2 =(^ NH2 (Example 32) 

78 : R,= H, R 2 = NHOH (Example 33) 
TSiR^H,!^ -^X s (Example 34) 

SOzR^H.R** (Example 35) 

81:R 1 =H,R 2 = (T NH2 (Example 36) 

OMe 

82 : R,= H, R,= pi^"" 2 (Example 37) 

JL^NH 2 

83 : R,= H, R2= £^ (Example 38) 



Fvample 29; 

N -(2-Hydroxyphenyl)-74(4^^ 

FoUowing the procedure described in Example 22, but substituting 
carboxyHc acid 50h for carboxyUc acid 50 g and 2-anunophenol for 1> 
10 phenyTenediamine, the title compound 74 was obtained in 39% y>eld. H NMR 

100 
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(CDCl3:CD 3 OD 5:1): 8 7.99 (d, J = 8.4 Hz, 2H), 7.60 (m, 4H), 7.41 (m, 4H), 7.02 (m, 
1H), 6.91 (m, 1H), 6.81 (m, 1H), 2.98 (m, 2H), 2.41 ( t/ J = 7.5 Hz, 2H), 1.74 (m, 4H), 
1.42 (m, 4H). 

Example 30: 

5 N-(2-Amiiiobenzyl)-7-[(4-biphenyl)carbonyl]heptanamide (75) 

Following the procedure described in Example 22, but substituting 
carboxylic acid 50h for carboxylic acid 50g and 2-aminoberizylamine for 1,2- 
phenylenediamine respectively, the title compound 75 was obtained in 32% yield. 
*H NMR (300MHz, CDOJ: 8 8.02 (d, J = 8.4 Hz, 2H), 7.71-7.61 (m, 4H), 7.37-7.51 
10 (m, 3H), 7.12-7.01 (m, 2H), 6.706.62 (m, 2H), 5.76 (br s, 1H), 4.38 (d, J = 6.3 Hz, 
2H), 2.97 (t, J = 7.5 Hz, 2H), 2.19 (t, J = 7.5 Hz, 2H), 1.80-1.58 (m, 4H), 1.45-1.32 (m, 
4H). 

Example 31: 

N-(2-Thiazolyl)-7-[(4-biphenyl)carbonyl]heptanamide (76) 
15 FoUowing the procedure described in Example 22, but substituting 

carboxylic acid 50h for carboxylic acid 50g and 2-aminothiazole for 1,2- 
phenylenediamine respectively, the title compound 76 was obtained in 11% yield. 
>H NMR (400MHz, CDCIJ: 5 8.03 (d, J = 8.4 Hz, 2H), 7.6-7.7 (m, 4H), 7.39-7.53 (m, 
4H), 7.07 (d, J = 4.2 Hz, 2H), 3.05 (t, J = 7.5 Hz, 2 H), 2.67 (t, J = 7.5 Hz, 2H), 1.72- 
20 1.82 (m4H), 1.42-1.50 (m,4H). 

Rxam ple 32: 

N-(2-Aminophenyl)-7-[(4-biphenyl)carbonyl]heptanamide(77) 

Following the procedure described in Example 22, but substituting 
carboxylic acid 50h for carboxylic acid 50g, the title compound 77 was obtained in 
25 31% yield. 'H NMR (300 MHz, CDO,) : 8 8.02 (d, J = 8.4 Hz, 2H), 7.68 (d, 8.4 Hz, 
2H) 7 62 (m, 2H), 7.51-7.35 (m, 3H), 7.16 (m, 1H), 7.04 (m, 1H), 7.75-6.80 (m, 2H), 
3 83 (br s, 2H), 3.00 (t, J = 7.5 Hz, 2H), 2.39 (t, J = 7.2 Hz, 2H), 1.78 (m, 4H), 1.45 (m, 
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4H). 13 C NMR (75 MHz, CDCl,) 

524.08, 25.55, 28.87, 28.94, 36.79, 38.41, 118.13, 119.43, 124.38, 

125.20, 127.05, 127.19, 127.21, 128.16, 128.62, 128.91, 135.61, 139.85, 140.78, 145.60, 1 
71.82,200.09. 

5 Example 33; 

N-Hydroxy-7-[(4-biphenyl)carbonyl]heptanamide(78) 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic acid 50h for carboxylic acid 37,and using 1.1 equivalent of NH^OH-HCl 
and triemylarnine each, the title compound 78 was obtained in 22% yield. *H 
10 NMR (300 MHz, 20% CD 3 OD in CDCI3): 5 8.03 (d, J = 7.8 Hz, 2H), 7.70 (d, J = 7.8 
Hz, 2H), 7.64 (d, J = 7.2 Hz, 2H), 7.55-7.38 (m, 3H), 3.02 (t, J = 6.9 Hz, 2H), 2.12 ( t, J 
= 7.2 Hz, 2H), 1.75 (m, 2H), 1.66 (m, 2H), 1.41 (m, 4H). "C NMR (75 MHz, 20% 
CDpDinCDCy: 

8 23.96, 25.06, 28.61(2), 32.54, 38.29, 126.98, 127.02, 128.02, 128.47, 128.71, 135.26, 
15 139.55,145.66,171.09,200.92. 

Example 34t 

N-(4>Dmydro-5-uuoxo-lA4-thiadiazol-2-yl)-7-[(4-biphenyl)carbonyl]- 
heptanamide (79) 

Following the procedure described in Example 22, but substituting 
20 carboxylic acid 50h for carboxylic acid 50g and 5-ammo-lA4rtmadiazole-2-thiol 
for 1,2-phenylenediamine respectively, the title compound 79 was obtained in 
34% yield. *H NMR (300MHz, 20% CD 3 OD in CDQ3): 5 7.91 (d, J = 8.4 Hz, 2H), 
7.58(d, J = 8.4 Hz, 2H), 7.52 (m, 2H), 7.38-7.26 (m, 3H), 2.90 (t, J = 7.2 Hz, 2H), 2.30 
(t, J = 7.2 Hz, 2H), 1.62 (m, 4H), 1.30 (m, 4H). 

25 Example 35; 

N-Phenyl-7-[(4-biphenyl)carbonyl]heptanamide(80) 

To a solution of carboxylic acid 50h (310 mg, 1 mmol) in dichloromethane 
(5 mL) stirred at room temperature under nitrogen was added Memylarnine (135 
102 
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UL, 1 mmol), foUowed by BOP (442 mg, 1 mmol), aniline (108 uL, 1 mmol) and 
triethylamine (405 uL, 3 mmol). The resulting reaction mixture was stirred for 12 
hours at room temperature. The solvent was removed and the mixture was 
quenched with water (5 mL), extracted with ethyl acetate (3 x 10 mL), dried 
(MgSOJ, concentrated. Purification by flash silica gel chromatography (5% 
methanol in dichloromethane) followed by crystallization from acetone afforded 
the corresponding amide 80 (20% yield). 'H NMR: (300 MHz, CDCy 5 8.00 (m, 
4H), 7.40-7.60 (m, 10H), 3.00 (m, 2H), 2.60 (m, 2H), 1.60 (m, 4H), 1.20 (m, 4H). 



15 



ivample 36; 



10 N-(4-(3-Airuno)arusole)-7-[(4-biphenyl)carbonyl]heptanamide (81) 

Following the procedure described in Example 1, step 4, but substituting 4- 
biphenyl carboxylic acid for 5, the resulting carboxylic acid was substituted for 16 
in Example 6. Then, to a solution of nitroamide (1 mmol) in THF/NH.C1 was 
added iron (1 mmol) and the mixture was stirred at room temperature for 4 hours. 
After filtration over Celite, water was added and the mixture was extracted from 
ethyl acetate to give a residue which was flashed over silica gel to give the title 
compound 81 obtained in 30% yield. >H NMR: (300 MHz, CDC1 3 ) 5 8.00 (m, 4H), 
7.60-7.40 (m, 8H), 4.00 (s, 3H), 3.00 (m, 2H), 2.60 (m, 2H), 1.60 (m, 4H), 1.20 (m, 
4H). 



NHBOC 



NH 1 X>li 

X>O a 1) NaH/THF Af N ° ! Raney Nickel Qf 

y 2 )(bo C)2 o^ V MeOHMOP * k 

IC 

O H NH« 



82:X = F (Example 37) 
83 : X = OMo (Example 3 
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Example 37; 

N-[(2-Amino-5-fluo^ 

c^i- M-f^-B,itv1oxvc ? ^^ y1-'Vfluor(v?-TiitTO aniline 

To a solution of 3-fluoro-2-nitro aniline (1 g, 6.4 mmol) in anhydrous THF 
5 (20 mL) was added dropwise at 0°C a solution of sodium hydride (510 mg, 12.8 
mmol) in THF (10 mL). After 15 minutes, di-tert-butyl dicarbonate (2.8 g, 13 
mmol) was added dropwise and the mixture was refluxed overnight. Water was 
added and the mixture was extracted with ethyl acetate. The residue was flashed 

10 Ste p 2j M-f^-Bu nHowrarbo n Y 1-3-flTioro-?-amino aniline 

To a solution of the N-tert-Buryloxycarbonyl-3-fluoro-2-nitro aniline (950 
mg, 2 5 mmol) in MeOH was added catalytic amount of Raney Nickel in water, 
hydrogen was applied at 40 psi and the mixture was stirred overnight. The 
mixture was filtered over Celite and the solvent was evaporated to give the 

15 desired product in 66% yield (550 mg). MS (ESI) = 226 (MH*) 

EHQ.Ar ^ r^ ^ (82) 
Followingthe procedure described in Example 1, step 4, but substituting 
50h for 5, followed by Example 4, but substituting N-fert-butyloxycarbonyl-3- 
fluoro-2-amino aniline for 1,2-phenylenediamine, the title compound 82 was 
20 obtamed^yidd/HN^^ 

8H), 3.00 (m, 2H), 2.60 (m, 2H), 1.60 (m, 4H), 1.20 (m, 4H). 



25 



N-(M4-Anuno)amsole)-74(^ 

Qop i ; M-tert-* ^ ^ Y^rhnnvl .^methoxy-7-nitro aniline 

To a solution of 3-methoxy-2-nitro aniline (6.5 mmol) in anhydrous THF 
(20 mL) was added dropwise at 0°C a solution of sodium hydride (13 mmol) in 
THF (10 mL). After 15 minutes, di-terf-butyl dicarbonate (13 mmol) was added 



J from : :? V.--../ ! or. ^ /../■/. oo« 



dropwise and the mixture was refluxed overnight. Water was added and the 

nuxture was extracted with ethyl acetate. The residue was flashed on silica gel to 

give the desired product in 95% yield. MS (ESI) = 269 (MrT). 

Stp p 2: N-tert -^i* Yl"^arb onv1 - 3-me thoxy-?-amino aniline 

To a solution of the N-tert-Butyloxycarbonyl-S-memoxy^-nitro aniline (4 
mmol) in MeOH was added catalytic amount of Raney Nickel in water, hydrogen 
was applied at 40 psi and the mixture was stirred overnight. The mixture was 
filtered over Celite and the solvent was evaporated to give the desired product in 
55% yield. MS (ESI) = 239 (MrT) 

Step * • M-^f4-/ m--)-^^^-^^^env 1) r,rhon y11 hP P tanaimde (83) , 

Following the procedure described in Example 1, step 4, but substituting 
50h for 5, followed by Example 4, step 1, 2, but substituting N-tert- 
butyloxycarbonyl-S-memoxy^amino .aniline for 1,2-phenylenediamine, the title 
compound 83 was obtained in 32% yield. 'H NMR: (300 MHz, CDCIJ 8 8.00 (m, 
4H), 7.60-7.40 (m, 8H), 4.00 (s, 3H), 3.00 (m, 2H), 2.60 (m, 2H), 1.60 (m, 4H), 1.20 
(m,4H). 

q* Y" - » O* ^ 

50a i 

84 : R,= H, R 2 = (^f NHCH ' (Example 39) 

85 : R, = H, R 2 = (Example 40) 

86 : Ri= H, R 2 = (f^T° H (Example 41) 



Kvain ple 39; 

N-CZ-N-MethylaminophenylK-CbenzoyDhcptanairfdcCS*) 
20 Following fto procedure described in Example 35, but substituting 50h for 

80, and N-me*yl-l>phenylenediamtae for aniline respectively, the title 
compound 84 was obtained in 27% yield. "H NMR (300MHz, CDOJ: 87.98-7.92 
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Cm 2H), 7.59-7.52 (m, 1H), 7.41-7.50 (m, 2H), 7.24-7.13 (m, 2H), 7.05-6.98 (br s, 1H), 
6.77 (d, J = 7.8 Hz, 1H), 4.0 (br s, 1H), 2.99 (t, J = 7.4 Hz, 2H), 2.84 (s, 3H), 2.41 (t, J = 
7.4 Hz, 2H), 1.85-1.70 (m, 4H), 1.48-1.35 (m, 4H). 

Fxam ple 40; 

N-(2-Thiazolyl)-7-(benzoyl)heptanamide(85) 

Following the procedure described in Example 35, but substituting 
respectively ber^otriazol-l-yloxytripvrroUdmophosphcmium 
hexafluorophosphate for the BOP reagent and 2-aminothiazole for aniline, the title 
compound 85 was obtained in 54% yield. 'H NMR (400MHz, CDC1,): 6 7.96 (d, J = 
7.9 Hz, 2H), 7.60-7.54 (m, 1H), 7.42-7.50 (m, 3H), 7.0 (d, J = 3.7 Hz, 1H), 2.97 (t, J = 
7.3 Hz, 2H), 2.57 (t, J = 7.4 Hz, 2H), 1.87-1.72 (m, 4H), 1.50-1.38 (m, 4H). 

F.yam ple 41: 

N-(2-Hydroxyphenyl)-7-(benzoyl)heptanamide (86) 

Following the procedure described in Example 40, but substituting the 1,2- 
aminophenol for the 2-arninothiazole, the title compound 86 was obtained in 36% 
yield. 

»H NMR (400MHz, CDCI3): 8 8.01 (br s, 1H), 7.97-7.93 (m, 2H), 7.59-7.42 (2 m, 3H), 
7.13-7.07 (m, 2H), 7.02-6.98 (m, 1H), 6.87-6.81 (m, 1H), 2.98 (t, J = 7.2 Hz, 2H), 2.45 
(t, J = 7.2 Hz, 2H), 1.81-1.68 (m, 4H), 1.45-1.38 (m, 4H). 

jl^.NIRaney 
88 : Example 42 
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Fvam ple 42; 

N-Methyl-N42-aininophenyl)-7-0 ? e M oyl)heptanainide(88) 

c trr 1 . M-x/r^ y 1-^2-nitr OI il .r iiy D Z fbrn^yl)h PP tanarnide (87) 

To a solution of carboxylic acid 50a (1 g, 4.27 mmol) in dichloromethane 
(5mL) was added DMF (100 nL) and oxalyl chloride (447 nL, 4.7 xnmol). Ibe 
rnixture was stirred at room temperature for 12 hours and then cooled at 0°C. The 
N-memyl-2-mtroaniline (714 mg, 4.7 mmol) dissolved in pyridine (2 mL) was 
transferredoverthemixtu^ 

reaction was quenched by addition of IN HQ and extracted with 
dichloromethane. The organic layer was washed with a saturated solution of 
sodium bicarbonate, dried (MgSO.and concentrated. Purification by flash silica 
gel chromatography (2% methanol in dichloromethane) afforded the 
corresponding amide 87 (963 mg, 62% yield). MS (ESI) = 369 (NUT). 
Qfro p 9- ^Meth y^ M ^™ ino P hPnv1V7-(b P n7.oyl)h e ptnnamide (88) 

To a solution of amide 87 (420 mg, 1.14 mmol) in a mixture of ethyl acetate 
and methanol (5 mL, 9:1) was added catalytic amount of a suspension of Raney 
Nickel. Ibe mixture was stirred at room temperature under hydrogen pressure 
for 2 hours and then without pressure for 10 hours. Ibe reaction mixture was 
filtered through a short pad of Celite and the solvents were removed in vacuo 
, p UI mcationbyflashsmca g elchromatography(2°/omemanolm 

afforded the corresponding amide 88 (180 mg, 47% yield). H NMR (300MHz, 
CDCI3): 5 7.96^7.90 (m, 2H), 7.58-7.41 (2 m, 4H), 7.17-7.10 (m, 1H), 6.98 (dd, J = 1.5, 
7.5 Hz, 1H), 6.80-672 (m, 2H), 3.18 (s, 3H), 2.91 (t, J = 7.2 Hz, 2H), 2.15-1.95 (m, 
2H), 1.73-1.51 (m, 4H), 1.35-1.20 (m, 4H). 

^ 50a ° Af^ 89 .Example 43 



25 
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N-(2-Aminophenyl)-N'-[6-(benzoyl)hexyl]urea (89) 

To a stirred solution of carboxylic add 50a (500 mg, 2.13 mmol) in toluene 
(1.5 mL) at room temperature under nitrogen was added triethylamine (295 uL, 
2.13 mmol), followed by diphenylphosphoryl azide (461 uL, 2.13 mmol). The 
reaction mixture was heated at 80°C for 5 hours and l>phenylenediarnine (253 
mg, 2.34 mmol) dissolved in 1 mL of toluene was added. The reaction was stirred 
at 80°C for 12 hours. The mixture was quenched with water (5 mL), extracted with 
ethyl acetate (3 x 10 mL), dried (MgSOJ, and concentrated. Purification by flash 
silica gel chromatography (5% methanol in dichloromemane) followed by 
recrystallization from ethyl acetate and hexane afforded the corresponding urea 
89 (340 mg, 47% yield) as a brown powder. >H NMR: (400MHz, CDO.) 5 7.95 (d, 
2H, J = 7.2 Hz), 7.60-7.53 (m, 1H), 7.5-7.4 (m, 2H), 7.12-7.03 (m, 2H), 6.82-6.73 (m, 
2H), 6.38 (br s, 1H), 4.92 (br s, 1H), 3.9 (br s, 2H), 3.23-3.12 (m, 2H), 2.95 (t, 2H, J = 
7.3 Hz), 1.80-1.60 (m, 2H), 1.55-1.25 (2m, 6H). 

0-0-* * 6 SO^o^nOV 1 " 

benzene go — 

UPhOyCTNs 
EtgN, Toluene 

'ft 

^ 92 : X = NH a (Example 44) 
93 : X = OH (Example 45) 



Fvam ple 44: 

N.(2-Aminophenyl)-N'-t5-((4-biphenyl)carbonyl)pentyl]urea (92) 

20 fitp p 1r l-PheryW^^^^ 6 i90) 
i) Grignard Reaction 
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A dry two neck round bottom flask fitted with a condenser, a drying tube and 
an addition funnel was charged with magnesium turnings (517 mg, 21.5 mmol). 
Around 10% of the 4-bromobiphenyl (5 g, 21.5 mmol) dissolved in anhydrous 
THF (15 mL) was added via the addition funnel. When the reflux was maintained, 

5 the balance of halide was dropwise added and the mixture was refluxed for 2 
hours. After being cooled to room temperature, the heptanone (2.5 mL, 21.2 
mmol) dissolved in dry THF (10 mL) was dropwise added, and the mixture was 
stirred for 10 hours at room temperature. The reaction was quenched with 2N 
HQ (5 mL), extracted with diethyl ether (3 x 30 mL), dried (MgSOj, and 

10 concentrated. Purification by flash silica gel chromatography (10% ethyl acetate in 
hexane) afforded the corresponding alcohol (4 g, 70% yield). 
ii) Dehydration 

In a round bottom flask fitted with a Dean Stark and a condenser was 
added a solution of alcohol (obtained above) in benzene (90 mL) and a catalytic 
15 amount of p-t°menesulfonic acid. The reaction mixture was refluxed for 3 hours 
and then cooled to room temperature. The mixture was washed with water (30 
mL), brine (30 mL), dried (MgSO,), and concentrated to afford the corresponding 
alkene 90 (3.1 g, 84% yield). H NMR (400MHz, COO,: 6 7.70-7.35 (m, 9H), 6.15 (t, 
J = 8.0 Hz, 1H), 2.75-2.68 (m, 2H), 2.43-2.35 (m, 2H), 1.80-1.60 (m, 6H). 

20 0- ft-r^Bj r^^Y 1 ^ 3 ^ 011 ^ 1111 ^^ 010 acid f91) 

To a solution of cyclic alkene 90 (1.5 g, 6 mmol) dissolved in benzene (200 
mL) was added 18-crown-6 (111 mg, 0.42 mmol) and KMnO. (2.37 g, 15 mmol). 
The reaction mixture was stirred at room temperature for 10 hours, and then 
quenched by addition of an aqueous solution of NaHS0 3 (100 mL) followed by 6N 
25 HC1 until decoloration. The organic layer was extracted and washed with 0.5 N 
NaOH until a white precipitate was formed. The extracted aqueous layer was 
acidified with 6N HC1 and then extracted with dichloromethane (5 x 200 mL). The 
combined organic layers were dried (MgSO,) and concentrated affording the 
corresponding acid 91 (480 mg, 27% yield) as a white solid. MS (ESI) = 311 (MH*). 



Copied from. .10522823 on 02/25/2008 



WO 01/70675 



r/moi/00683 



c^ p * ^2-Am^ o ph P nvlV K-f S-(( 4-bir hen y1)rarbony1)r ent vl1urea (92) 

Following the procedure described in Example 43, but substituting 
carboxylic acid 91 for carboxylic acid 50a, and substituting 1,2-phenylenediamine 
for 2-aminophenol the title compound 92 was obtained in 28% yield. >H NMR 
(400MHz, CDCy: 5 8.0 (d, J = 8.2 Hz, 2H), 7.70-7.60 (m, 5H), 7.52-7.38 (m, 4H), 
7.20-7.00 (m, 3H), 6.93 (t, 1H), 5.73 (br s, 1H), 3.25-3.13 (m, 2H), 3.0 (t, 2H), 1.80- 
1.70 (m, 2H), 1.60-1.35 (m, 4H). 

Example 45: 

N-(2-Hydroxyphenyl)-N / -[5-((4-biphenyl)carbonyl)pentyl]urea(93) 

Following the procedure described in Example 43, but substituting 
carboxylic acid 91 for carboxylic acid 50a, the title compound 93 was obtained in 
22% yield. *H NMR (400MHz, CDClj): 8 8.03 (d, J = 8.2 Hz, 2H), 7.69 (d, J = 8.2 Hz, 
2H), 7.63 (d, J = 7.1 Hz, 2H), 7.60-7.40 (m, 4H), 7.10-6.75 (3 m, 3H), 3.31 (t, J = 6.7 
Hz, 2H), 3.04 (t, J = 6.9 Hz, 2H), 1.85-1.75 (m, 2H), 1.65-1.58 (m, 2H), 1.50-1.40 (m, 



15 2H). 



■MPhoy^Ng q o 

- 6 — ■ 



94 : Y=C, Z=N (Example 46) 
95 : Y=N, Z=C (Example 47) 



Example 46; 

3-Pyridylmethyl-N-[6-(benzoyl)hexyl]carbamate(94) 

Following the procedure described in Example 43, but substituting 3- 
pyridylcarbinol for 2-aminophenol, the title compound 94 was obtained in 46% 
yield 'H NMR (400MHz, CDO,): 5 9.0 (s, 1H), 8.81 (d, J = 5.4 Hz, 1H), 8.35 (d, J = 
8.4 Hz, 1H), 7.58-7.43 (m, 3H), 5.29 (s, 2H), 5.18 (br s, 1H), 3.23-3.16 (m, 2H), 2.97 (t, 
J = 7.2 Hz, 2H), 1.80-1.68 (m, 2H), 1.60-1.47 (m, 2H), 1.47-1.3 (m, 4H). 
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Example 47: 

2-Pyridylmethyl-N-[6-(benzoyl)hexyl]caibainate(95) 

Following the procedure described in Example 43, but substituting the 2- 
pyridylcarbinol for 2-aminophenol, me title compound 95 was obtained in 35% 
yield. 'H NMR (400MHz, CDd,): 8 9.0 (dd, J =7.2 Hz; 1.2 Hz, 1H), 8.3 (dt, J =7.2 
Hz; 1.2 Hz, 1H), 7.97-7.92 (m, 2H), 7.81-7.75 (m, 2H), 7.58-7.42 (m, 3H), 5.75 (br s, 
1H), 5.45 (s, 2H), 3.23-3.14 (m, 2H), 2.96 (t, J = 7.2 Hz, 2H), 1.78-1.68 (m, 2H), 1.58- 
1.48 (m, 2H), 1.42-1.34 (m, 4H). 



NOH 



^jQT (Example 48) 

97:Ar= iQO^ (^"""P 1649 ) 
(Example 50) 



(Example 51) 



10 Example 48: 

N-Hydroxy^(E)-oxiiriino-8-(4-methoxyphenyl)octanamide(E-96) 

Following the procedure described in Example 18, step 2, 3, but 
substituting 4-methoxybenzoyl chloride for benzoyl chloride, and then the 
resulting carboxylic acid was substituted for 37 in Example 14, step 3, to afford the 
15 title compound 96 in 55% yield. *H NMR (300 MHz, 20% CD 3 OD in CDO,): 5 7.50 
(d, J = 8.1 Hz, 2H), 6.89 (d, J = 8.1 Hz, 2H), 3.81 (s, 3H), 2.75 (t, J = 7.2 Hz, 2H), 2.06 
(m, 2H), 1.63-1.45 (m, 4H), 1.32 (m, 4H). 

Example 49: 

A7^-Hydroxy-8-(E)-oxinimo-8-(2-naphthyl)octanamide(97) 
20 Following the procedure described in Example 18, step 2, 3, but 

substituting 2-naphthoyl chloride for benzoyl chloride, and then the resulting 

111 
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carboxylic acid was substituted for 37 in Example 14, step 3, to afford the title 

compound 97 in 40% yield.'H NMR (300 MHz, 20% CD 3 OD in CDOJ: 8 8.00 (s, 

1H), 7.90-7.40 (m, 6H), 2.91 (t, J = 7.2Hz, 2H), 2.07 (t, J = 6.9 Hz, 2H), 1.61 (m, 4H), 

1.38 (m, 4H). "C NMR (75 MHz, 20% CD s OD in CDCl^: 

8 25.03, 25.46, 25.86, 28.37, 28.92, 32.39, 123.43, 125.38, 

125.90, 126.08, 127.15, 127.62, 127.94, 132.79, 133.14, 133.17, 159.01, 171.17. 

Exam ple 50: 

N-Hydroxy-8-(E)-oxirruno-M2-ber^oWl)octanamide (E-98) and N-Hy droxy-8- 
(Z)-oxirnino-8-(2-benzofuiyl)octanamide (Z-98) 

Following the procedure described in Example 1, step 4, but substituting 2- 
benzofurancarboxylic acid for 5, followed by Example 18, step 2, 3, but 
substituting 2-benzofurancarbonyl chloride for benzoyl chloride, and then the 
resulting carboxylic acid was substituted for 37 in Example 14, step 3, to afford the 
title compound 98 in 20% yield as a mixture of E and Z isomer in a ca 9 : 1 ratio. *H 
NMR (300 MHz, CDC1J: 8 7.62 (m, 2H), 7.22-7.00 (m, 3H), 2.82 (m, 2H), 2.00 (m, 
2H), 1.62 (m, 4H), 1.22 (m, 4H). 

Example 51; 

N-Hydroxy-8-(Z)-oxiriuno-8-^^ 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic acid 50m for 37, the title compound 99 was obtained in 30% yield. 'H 
NMR (300 MHz, CDCI3): 8 7.62 (m, 2H), 7.22-7.00 (m, 3H), 2.82 (m, 2H), 2.00 (m, 
2H), 1.62 (m, 4H), 1.22 (m, 4H). 
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100:Ar = {~pC H (E xam P ,e52 > 



(Example 53) 
1 02 : Ar = (^f (Example 54) 
103: Ar = ^X CH < Examp,e55) 



l04:Ar=Q. o jQT (Example 56) 
105a:Ar=^jQQf (Example 57a) 

105b :Ar = < Exam P ,e57b > 

Exam ple 52: 

N-Hydroxy-7-[2-(indolyl)caibonyl]heptanamide(100) 

Mowing the procedure described in Example 18, steps 2, 3, but 
substituting indole-2-carbonyl chloride for benzoyl chloride, and then substituting 
the resulting carboxylic acid for 37 in Example 14, step 3, and using 1.1 equivalent 
each of NH 2 OH • HQ and triethylamine, the title compound 100 was obtained in 
15% yield. l H NMR (300 MHz, CDCI3) 5 7.60 (m, 2H), 7.00-7.40 (m, 3H), 2.80 (m, 
2H), 2.00-2.30 (m, 2H), 1.60 (m, 4H), 1.20 (m, 4H). 

Exam ple 53: 

N-Hydroxy-7-(2-methoxybenzoyl)heptanamide(101) 

Following the procedure described in Example 18, step 2, 3, but 
substituting 2-methoxybenzoyl chloride for benzoyl chloride, and then the 
resulting carboxylic acid was substituted for 37 in Example 14, step 3, using 1.1 
equivalent of NHpH-HCl and triemylamine each, to afford the title compound 
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101 obtained in 33% yield. 'H NMR (300 MHz, 20% CD 3 OD in CDO,): 5 7.81 (dd, J 
= 8.1, 1.8 Hz, 1H), 7.47 (m, 1H), 7.02-6.97 (m, 2H), 3.90 (s, 3H), 2.97 (t, J = 7.2 Hz, 
2H), 2.10 (t, J = 7.2 Hz, 2H), 1.74-1.56 (m, 4H), 1.36 (m, 4H). "C NMR (75 MHz, 
20% CD 3 OD in CDO,): 

8 23.89, 25.05, 28.68,28.60, 32.50,43.28, 55.17, 111.35, 120.33, 128.03, 129.69, 
133.26,158.18, 171.18,204.09. 

Example 54: 

N-Hydroxy-7-[(cyclohexyl)carbonyl]heptanamide (102) 

Following the procedure described in Example 18, step 2, 3, but 
substituting 2-cyclohexylcarbonyl chloride for benzoyl chloride, and then the 
resulting carboxylic acid was substituted for 37 in Example 14, step 3, using 1.1 
equivalent of NHjOH-HCl and triemylarnine each, to afford the title compound 
102 obtained in 38% yield. *H NMR (300 MHz, CDCy : 8 2.45 (t, J = 6.9 Hz, 2H), 
2.36 (m, 2H), 2.10 (m, 2H), 1.80-1.25 (m, 17H). »C NMR (75 MHz, 20% CD 3 OD in 
CDCU: 

8 23.13, 25.00, 25.35, 25.53, 28.22, 28.50, 28.51,32.47, 40.27, 50.61, 177.11, 215.62. 
Example 55; 

N^-Hydroxy-742-((N-methyl)indolyl)carbonyl]heptanamide(103) 

Following the procedure described in Example 1, step 4, but substituting 1- 
methyl indole-2-carboxylic acid for 5, followed by Example 18, step 2, 3, but 
substituting N-methyl indole-2-carbonyl chloride for benzoyl chloride, and then 
the resulting carboxylic acid was substituted for 37 in Example 14, step 3, using 
1.1 equivalent of NHpH.HCl and triemylamine each, to afford the title 
compound 103 obtained in 30% yield. >H NMR (300 MHz, CDCy 8 7.60 (m, 2H), 
7.00-7.20 (m, 3H), 2.90 (s, 3H), 2.80 (m, 2H), 2.00 (m, 2H), 1.60 (m, 4H), 1.20 (m, 
4H). 
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Example 56; 

N-Hydroxy-7-(4-phenoxybenzoyl)heptanamide (104) 

Following the procedure described in Example 1, step 4, but substituting 4- 
phenoxybenzoic acid for 5, followed by Example 18, step 2, 3, but substituting 4- 

5 phenoxybenzoyl chloride for benzoyl chloride, and then the resulting carboxylic 
acid was substituted for 37 in Example 14, step 3, using 1.1 equivalent of 
NH^OH-HCl and triethylamine each, to afford the title compound 104 obtained in 
44% yield. 'H NMR (300 MHz, 20% CD 3 OD in CDClg): 8 7.81 (d, J = 8.7 Hz, 2H), 
7.23 (m, 2H), 7.08 (m, 1H), 6.94 (d, J = 8.1Hz, 2H), 6.87 (d, J = 8.1Hz, 2H), Z81 (t, J = 

10 7.2 Hz, 2H), 1.99 (m, 2H), 1.59 (m, 2H), 1.52 (m, 2H), 1.25 (m, 4H). *C NMR (75 
MHz, 20% CD 3 OD in CDCl,): 

§24.00, 25.02, 28.56(2), 32.48, 37.96, 116.99, 119.89, 124.41, 129.79, 130.15, 
131.15, 155.11, 161.83, 171.14, 199.86. 

Example 57a: 

15 N-Hydroxy-7-[2-(6-methoxy)naphthoyl]heptanamide (105) 

Following the procedure described in Example 1, step 4, but substituting 2- 
(6-methoxy)naphthoic acid for 5, followed by Example 18, step 2, 3, but 
substituting 2-(6-methoxy)naphthoyl chloride for benzoyl chloride, and then the 
resulting carboxylic acid was substituted for 37 in Example 14, step 3, using 1.1 
20 equivalent of NHjOH-HCl and triethylamine each, to afford the title compound 
105 obtained in 43% yield. J H NMR (300 MHz, 20% CD 3 OD in CDCI3): 8 8.39 (s, 
1H), 7.98-7.16 (m, 5H), 7.56 (m, 1H), 3.95 (s, 3H), 3.06 (br t, J = 7.5Hz, 2H), 2.10 (m, 
2H), 1.75 (m, 2H), 1.65 (m, 2H), 1.40 (m, 4H). "C NMR (75 MHz, 20% CD s OD in 
CDCy 

25 8 24.09, 25.05, 28.59(2), 32.51, 38.07, 55.11, 105.49, 119.43, 124.19, 126.90, 127.57, 129. 
48, 130.87, 131.88, 137.09, 159.53,171.20, 201.00. 
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Exam ple 57b: 

N-Hydroxy-7-[3-(2-tWomethyl)pyTidyl)carbonyl]heptanamide (105b) 

Following the procedure described in Example 1, step 4, but substituting 3- 
(2-miometh y l) P yridyl carboxylic acid for 5, followed by Example 18, step 2, 3, but 
substituting 3-(2-miomethyl)pyridyl carbonyl chloride for benzoyl chloride, and 
then the resulting carboxylic acid was substituted for 37 in Example 14, step 3, 
using 1.1 equivalent of NH.OH.HC1 and triethylamine each, to afford the title 
compound 105 obtained in 39% yield. H NMR (300MHz, 20% CD 3 OD in CDO,): 
8 8.58 (br d, J = 3.9 Hz, 1H), 8.74 (br d, J = 7.5 Hz, 1H), 7.50 (dd, J = 7.5, 4.8 Hz, 1H), 
2 95 (t, J = 7.5 Hz, 2H), 2.51 (s, 3H), 2.12 (br t, 2H), 1.72 (m, 2H), 1.64 (m, 2H), 1.38 
(m, 4H). *C NMR (75 MHz, 20% CD 3 OD in CDCI3) 6 13.61, 23.64, 24.97, 28.42, 
28.51, 32.44, 39.12, 117.71, 129.12, 137.29, 151.35, 161.62, 171.13, 200.67. 



106 : Example 58 



15 



N-<2-Animo P h e nyl)-^^ 

FoUowing the procedure described in Example 14, step 3, but substituting 
amide 63 for 37, the title compound 106 was obtained in 30% yield (E/Z isomeric 
mixture, ca 5:1). H NMR (300 MHz, 20% CD 3 OD in CDC1,): 5 7.99 (s, 1H), 7.90- 
6.70 (m, 10H), 2.93 (t, J = 7.5Hz, 2H), 2.37 (t, J = 7.5 Hz, 2H), 1.71 (m, 2H), 1.64 (m, 
2H),1.44(m,4H). 

107: n = 1 (Example 59) 
108 : n = 2 (Example 60) 
109 : n = 4 (Example 61) 
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Exam ple 59; 

N-Hydroxy-5-(benzoyl)pentanamide (107) 

Following the procedure described in Example 14, step 3, but substituting 
5-benzoylpentanoic acid for 37 and using 1.1 equivalent ofNH.OH.Ha and 
5 triethylamine each, the title compound 107 was obtained in 52% yield. 'HNMR 
(300 MHz, 20% CDjOD in CDO,): 6 7.86 (d, J = 6.9 Hz, 2H), 7.59-7.43 (m, 3H), 3.01 
(br t, 2H), 2.18 (br t, 2H), 1.72 (m, 4H). "C NMR (75 MHz, 20% CD 3 OD in CDCy: 
5 23.24, 24.78, 32.39, 37.79, 127.76, 128.36, 133.00, 136.38, 170.85, 200.82. 

Exam ple 60; 
10 N-Hydroxy-6-(benzoyl)hexanamide (108) 

Following the procedure described in Example 14, step 3, but substituting 
6-benzoylhexanoic acid for 37 and using 1.1 equivalent of NH.OHJICI and 
triethylamine each, the title compound 108 was obtained in 40% yield. l H NMR 
(300 MHz, 20% CD 3 OD in CDCI3): 5 7.94 (d, J = 7.5Hz, 2H), 7.61-7.40 (m, 3H), 2.98 
15 (t, J = 6.9 Hz, 2H), 2.15 (t, J = 6.6 Hz, 2H), 1.80-1.60 (m, 4H), 1.41 (m, 2H). "C NMR 
(75 MHz, 20% CD 3 OD in CDCl,): 

23.48, 25.04, 28.37, 32.39, 38.08, 127.87, 128.45, 133.03, 136.57, 
171.16,201.05. 

Exam ple 61; 
20 2V-Hydroxy-8-(benzoyl)octanamide (109) 

Following the procedure described in Example 14, step 3, but substituting 
8-benzoyloctanoic acid for 37 and using 1.1 equivalent of NH.OH.HQ and 
triemylamine each, the title compound 109 was obtained in 46% yield. >H NMR 
(300MHz,20%CD 3 ODmaX33):5^ 
25 (U = 6.9Hz,m2.02(t,J = 6.6Hz,2H^ 
(75 MHz, 20% CD s OD in CDCLj): 

8 23.95, 25.15, 28.59, 28.74, 28.78, 32.55, 38.27, 127.79, 128.36, 
132.91, 136.55, 171.27,201.32. 
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110 : Ar = ^jQ" (Example 62) 

111 :Ar = QQ^ (Examp,e63) 
(Example 64) 



2 :Ar=^^ 



(Example 65) 



Example 62: 

N-Hydroxy-6-(4-methoxybenzoyl)hexanamide(110) 

Following the procedure described in Example 18, step 1, 2, 3, but 
substituting respectively ethyl-6-iodohexanoate for ethyl-7-iodoheptanoate and 4- 
methoxybenzoyl chloride for benzoyl chloride, and then the resulting carboxylic 
acid was substituted for 37 in Example 14, step 3, using 1.1 equivalent of 
NH.OH.Ha and Methylamine each, to afford the title compound 110 in 54% 
yield. l H NMR (300 MHz, 20% CD 3 OD in CDC12.: 5 7.86 (d, J = 8.7 Hz, 2H), 6.88 (d, 
J = 8.7 Hz, 2H), 3.81 (s, 3H), 2.87 (t, J = 6.6 Hz, 2H), 2.07 (br t, 2H), 1.62 (m, 4H), 
1.34 (m, 2H). U C NMR (75 MHz, 20% CD s OD in CDO,): 

6 23.68, 24.96, 28.32, 32.28, 37.63, 55.14, 113.49, 129.48, 130.13, 163.35, 171.06, 199.81 



Example 63: 

15 N-Hydroxy-6-(2-naphthoyl)hexanamide (111) 

Following the procedure described in Example 18, step 1, 2, 3, but 
substituting respectively ethyl-6-iodohexanoate for ethyl-7-iodoheptanoate and 2- 
naphthoyl chloride for benzoyl chloride, and then the resulting carboxylic acid 
was substituted for 37 in Example 14, step 3, using 1.1 equivalent of NHjOHHCl 

20 and triethylamine each, to afford the title compound 111 in 55% yield. 'H NMR 

(300 MHz, 20% CD 3 OD in CDOJ: 8 8.47 (s, 1H), 8.05-7.50 (m, 6H), 3.12 (br t, 2H), 
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2.15 (br t, 2H), 1.82-1.60 (m, 4H), 1.46 (m, 2H). U C NMR (75 MHz, 20% CD 3 OD in 
CDCIJ: 

823.59, 25.02, 28.36, 32.33, 38.06, 123.40, 126.56, 127.46, 128.21, 128.29, 129.29, 129.6 
0, 132.25, 133.78, 135.37, 171.04, 201.04. 

5 Example 64: 

N-Hydroxy-6-[(2-indolyl)carbonyl]hexanamide(112) 

Following the procedure described in Example 1/ step 4, but substituting 
indole-2-carboxylic acid for 5, followed by Example 18, step 1, 2, 3, but 
substituting respectively ethyl-6-iodohexanoate for ethyl-7-iodoheptanoate and 
10 indole-2-carbonyl chloride for benzoyl chloride, and then the resulting carboxylic 
acid was substituted for 37 in Example 14, step 3, using 1.1 equivalent of 
NHpH.HCl and triemylamine each, to afford the tide compound 112 in 35% 
yield. J H NMR (300 MHz, CDCQ 8 7.62 (m, 2H), 7.20-7.00 (m, 3H), 2.82 (m, 2H), 
2.00^,2^,1.62(01,2^,1.22(111,4^. 

15 Example 65: 

N^-Hydroxy-6-[(2-berizo[b]tWophene)carbonyl]hexanamide(113) 

Following the procedure described in Example 18, step 1, 2, 3, but 
substituting respectively ethyl-6-iodohexanoate for elhyl-7-iodoheptanoate and 2- 
benzo[b]thiophene-carbonyl chloride for benzoyl chloride, and then the resulting 
20 carboxylic acid was substituted for 37 in Example 14, step 3, using 1.1 equivalent 
of NHpH-HQ and triethylamine each, to afford the title compound 113 in 
79%yield. 'H NMR: (300 MHz, CDCy 8 7.60 (m, 2H), 7.20-7.00 (m, 3H), 2.80 (m, 
2H), 2.00 (m, 2H), 1.60 (m, 2H), 1.20 (m, 4H). 
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117.R- Cf (Examp.367) (Example 69) 

s 

123: Ro ^X^Example 68) 



:Ro Bf jOf' fl=xa m P te7 °) 



N-(2-Aminophenyl)-7-(4-bromobenzoyl)heptanamide(114) 

Following the procedure described in Example 6, but substituting the 
carboxylic acid 50d for the carboxylic acid 50g, the title compound 114 was 
obtained in 30% yield. 

H NMR (300 MHz, 20% CD 3 OD in CDO,): 8 7.81 (d, J = 8.1Hz, 2H), 7.59 (d, J = 
8.1Hz, 2H), 7.45 (br s, 1H), 7.16-6.73 (m, 3H), 2.92 (t, J = 7.2Hz, 2H), 2.36 (t, J = 
7.2Hz, 2H), 1.73 (m, 4H), 1.41 (m, 4H). U C NMR (75MHz, 20% CD 3 OD in CDO,): 
5 23.85, 25.49, 28.79, 28.89, 36.68, 38.29, 118.07, 119.36, 124.29, 125.23, 127.06, 
128.05, 129.53, 131.82, 135.60, 140.80, 171.86, 199.37. 
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Example 67: 

N-(2-Aminophenyl)-7-[4-(3-thiophenyl)ben2oyl]heptanamide(117) 

g to p 1- T7th y1-7-r4-f3- thir> phenvl^bpn7.oyllheptanoate (115) 

To a mixture of 3-thiophene boronic acid (383 mg, 3 mmol) and bromoester 
5 49d (1.03 g, 3 mmol) were added anhydrous toluene (30 mL) and ethanol (1.5 mL) 
(20:1, c=1.0M) followed by 2M K£.0 3 aqueous solution (3 mL, 6 mmol). The 
reaction mixture was stirred under nitrogen for 30 minutes and then PdflPPh,), 
(191 mg, 5mol%, 0.16 mmol) was quickly added. After 24 hours of reflux, the 
mixture was cooled to room temperature, filtered through a pad of Celite and 
10 rinsed with ethyl acetate (50mL). The organic solution was washed with brine (30 
mL), dried (MgSO,), and concentrated. Purification by flash silica gel 
chromatography (10% methanol in dichloromethane) followed by crystallization 
from ethyl acetate afforded the corresponding ester 115 (210 mg, 20% yield) as a 
white solid. 

15 Ste p 2: 7-r4-(3 -Thir, r ViPnvl) bpnzovnhep tanoic acid (116 . ) 

Following the procedure described in Example 18, step 3, but substituting 
ester 115 for ester 49a, the title compound 116 was obtained in 57% yield. l H NMR 
(300 MHz, CDCLjCL^OD 5:1): 8 7.87 (d, J = 8.2 Hz, 2H), 759 (d, J = 8.2 Hz, 2H), 
7.50 (m, 1H), 7.34 (m, 2H), 2.88 (t, J = 7.7 Hz, 2H), 2.21 (m, 2H), 1.64 (m, 2H), 1.53 
20 (m,2H),1.30(m,4H). 

Ste p 9, M .r2-Arr .^^phPTi yn-7-r 4 - ( . 3 - thioph envl)bpr l 7oy11heptanamide (117) 

Following the procedure described in Example 22, but substituting 
carboxylic acid 116 for carboxylic acid 50g, the title compound 117 was obtained 
in 55% yield. 'H NMR (300 MHz, CDO^OD 5:1): 8 7.88 (d, J = 8.7 Hz, 2H), 
25 7.59 (d, J = 8.7 Hz, 2H), 7.50 (m, 2H), 7.34 (m, 2H), 7.08 (m, 3H), 2.90 (m, 2H), 2.37 
(t, J = 7.5 Hz, 2H), 1.65 (m, 4H), 1.35 (m, 4H). 
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Example 68: 

N-(2-Airdnophenyl)-7-l4-(4-bromoph^ 
(123) 

Ste p 1: Ethvl-7-rA-r4-hromQ p>ipnyT>benzovnheptanoate (121) 
5 Following the procedure described in Example 67, step 1, but substituting 

4-bromophenyl boronic acid for 3-miophene boronic acid, the title compound 121 
was obtained in 52% yield. l H NMR (300 MHz, 20% CD 3 OD in CDCl,): 5 8.02 (d, J 
= 8.7 Hz, 2H), 7.75-7.40 (m, 6H), 4.13 (q, J =6.9 Hz, 2H), 3.01 (t, J = 6.9 Hz, 2H), 2.32 
(t, J = 7.2 Hz, 2H), 1.75 (m, 2H), 1.66 (m, 2H), 1.41 (m, 4H), 1.26 (t, J =6.9 Hz, 3H). 

10 RtP p 2: 7-r4-f4 -^rnTno phenv^ben7.oyllheptanoic acid (122) 

Following the procedure described in Example 18, step 3, but substituting 
ester 121 for ester 49a, the title compound 122 was obtained in 88% yield. *H NMR 
(300 MHz, 20% CD3OD in CDC1,): 6 7.91 (d, J = 8.7 Hz, 2H), 7.54 (d, J = 8.7 Hz, 
2H), 7.50-7.37 (m, 4H), 2.89 (t, J = 7.2 Hz, 2H), 2.20 (t, J = 7.5 Hz, 2H), 1.65 (m, 2H), 

15 1.53 (m, 2H), 1.31 (m, 4H). »C NMR (75 MHz, 20% CD 3 OD in CD 3 OD) 6 24.00, 

24.50, 28.70(2), 33.77, 38.37, 122.38, 126.83, 128.58(2), 131.85, 135.64, 138.53, 144.27, 
176.33,200.65. 

Q top 3- M-r9-ATrunopb^ y1V7-r4-(4-b romophen Y l )be n7.o v11heptanamide 
h ydrochloride (123) 

20 Following the procedure described in Example 6, but substituting the 

carboxylic acid 122 for the carboxylic acid 16, the resulting amide was washed 
with IN HQ and then precipitated out affording the title compound 123 in 67% 
yield. 'H NMR (300 MHz, 20% CD 3 OD in CDCl,): 8 7.97 (d, J = 8.7 Hz, 2H), 7.62- 
7.25 (m, 10H), 2.97 (t, J = 7.5 Hz, 2H), 2.49 (t, J = 7.5 Hz, 2H), 1.72 (m, 4H), 1.40 (m, 
25 4H). 
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Example 69; 

N-Hydroxy-7-[4-(4-methoxyphenyl)benzoyl]heptanamide (120) 

■Ste p 1: Ethy1-7-[4-(4-me t>»r,v yphCTiv1)benzovnheptanoate (118) 

Following the procedure described in Example 67, step 1, but substituting 
2-methoxyphenyl boronic acid for 3-thiophene boronic acid, the title compound 
118 was obtained in 26% yield. 

StP p 2: 7-r4-(4 -mPtboxvpbpnyT>benzovnheptanoic acid (119) 

Following the procedure described in Example 18, step 3, but substituting 
ester 118 for ester 49a, the title compound 119 was obtained in 94% yield. X H NMR 
(CDC^:CD 3 OD 5:1): 8 7.88 (d, J = 8.6 Hz, 2H), 7.53 (d, J = 8.6 Hz, 2H), 7.47 (d, J = 
8.8 Hz, 2H), 6.89 (d, J = 8.8 Hz, 2H), 2.89 (d, J = 7.5 Hz, 2H), 3.50 (s, 3H), 2.19 (d, J = 
7.5 Hz, 2H), 1.64 (m, 2H), 1.55 (m, 2H), 1.31 (m, 4H). 
StP p 3: N-Hy Hrov y-744-f4-^ ^hnxv phenv1)beTi7.ovl1heptanamide (120) 

FoUowing the procedure described in Example 14, step 3, but substituting 
carboxylic acid 119 for 37, and using 1.1 equivalent of NHpHHCl and 
triethylamine each, the title compound 120 was obtained in 9% yield. MS (ESI) = 
356 (MH*). 

Exam ple 70: 

N-Hydroxy-7-[4-(4-bromophenyl)berizoyl]heptanamide(124) 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic acid 122 for 37 and using 1.1 equivalent of NHpH.Hd and 
triethylamine each, the title compound 124 was obtained in 41%yield. l H NMR 
(300MHz, DMSOd6): 5 10.33 (s, 1H), 8.66 (s, 1H), 8.04-7.70 (m, 8H), 3.04 (m, 2H), 
1.94 (m, 2H), 1.62 (m, 2H), 1.49 (m, 2H), 1.30 (m, 4H). 
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Example 71; 

N-(2-Aminophenyl)-7-[4-(3-pyridyl)benzoyl]heptanamide (127) 

StP p l: Ethvi-y-^-rs-pvri^ ynhpn^ovnheptanoate (125) 

To a solution of 3-bromopyridine(728 mg, 4.6 mmol) in dry diethyl ether (9 
mL) at -78°C was added n-BuLi (2.5M solution in hexane, 1.8 mL, 4.5 mmol). The 
reaction mixture was stirred for 20 minutes at 0°C. After a dropwise addition of 
trimethyl borate (0.5 mL, 4.5 mmol) the mixture was stirred for 1 hour at 0°C and 
then a solution of bromoester 49d (1.02 g, 3 mmol) in THF (9 mL) and water (2.3 
mL) containing Pd^Ph,), (278mg, 8mol%, 0.27mmol) was added. The reaction 
mixture was refluxed at 70°C for 24 hours, cooled to room temperature, filtered 
through a pad of Celite and rinsed with ethyl acetate. The solution was extracted 
with ethyl acetate (2 x 30 mL), washed with brine (10 mL), dried (MgSO,) and 
concentrated. Purification by flash silica gel chromatography (1% methanol in 
dichloromethane) afforded the corresponding ester 125 (259 mg, 25% yield) as a 
white solid. MS (ESI) = 340 (MET), 
c^p o. 7-[(g- r yridvl)^-H pn y .oynheptanoic acid (126) 

Following the procedure described in Example 18, step 3, but substituting 
ester 125 for ester 49a, the title compound 126 was obtained in 75% yield. 
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Q t . r a. M^2-Am^ ^- yn-744-f3-nAmdv1)bPnzovl1h P rtananvide (127) 

Following the procedure described in Example 22, but substituting 
carboxylic acid 126 for carboxylic acid 50g, the title compound 127 was obtained 
in 6% yield. W NMR (CDO^PD 5:1): 5 8.73 (d, J = 2.0 Hz, 1H), 8.48 (m, 1H), 
7.96 (m, 3H), 7.59 (d, J = 8.6 Hz, 2H), 7.42 (m, 1H), 7.10 (m, 2H), 6.92 (m, 2H), 2.94 
(t, J = 7.3 Hz, 2H), 2.35 (t, J = 7.5 Hz, 2H), 1.67 (m, 4H), 1.36 (m, 4H). 




128 : n= 1, R,= H, R 2 = (Example 72) 

129 : n= 1, R,= H, Rz= (V (Example 73) 
130:n=3,R 1 =H,R 2 =Cy H8 (Examp.e74) 

Example 72; 

N-(4,5-Dihydro-5-thioxo-lA4-thiadiazol-2-yl)-6-[(4- 

) biphenyDcarbonyllhexanamide (128) 

Following the procedure described in Example 18, step 1, 2, but 
substituting respectively ethyl-6-iodohexanoate for ethyl-7-iodoheptanoate and 4- 
bromobenzoyl chloride for benzoyl chloride, the resulting ester was substituted 
for 49d in Example 67, step 1. Then, following the procedure described in 

5 Example 18, step 3, but substituting the final ester for ester 49a, the resulting acid 
was substituted for 50g in Example 22, to afford the title compound 128 in 33% 
yield. >H NMR (300 MHz, 20% CD 3 OD in CDCI3): 5 7.97 (d, J = 8.7 Hz, 2H), 7.65- 
7.31 (m, 7H), 2.98 (t, J = 7.2Hz, 2H), 2.39 (t, J = 7.2Hz, 2H), 1.73 (m, 4H), 1.40(m, 
2H). 



125 



Copied from. .10522823 on 02/25/2008 



WO 01/70675 



r PCT/BB01/00683 



Example 73; 

N-(2-Aminophenyl) -6-[(biphenyl)carbonyl]hexanamide (129) 

Following the procedure described in Example 18, step 1, 2, but 
substituting respectively emyl-6-iodohexanoate for ethyl-7-iodoheptanoate and 4- 
bromobenzoyl chloride for benzoyl chloride, the resulting ester was substituted 
for 49d in Example 67, step 1. Then, following the procedure described in 
Example 18, step 3, but substituting the final ester for ester 49 a, the resulting acid 
was substituted for 50g in Example 22, to afford the title compound 129 in 29% 
yield. >H NMR (300 MHz, 20% CD 3 OD in CDCIJ: 6 8.01 (d, J = 8.1 Hz, 2H), 7.68 (d, 
J = 8.1 Hz, 2H), 7.65-7.35 (m, 5H), 7.20-6.74 (m, 4H), 3.05 (t, J = 7.5 Hz, 2H), 2.44 (t, 
J = 7.5 Hz, 2H), 1.78 (m, 4H), 1.50 (m, 2H). 

Example 74; 

N-(2-Airunophenyl)-8-[(4-biphenyl)carbonyllocta M rnide(130) 

Following the procedure described in Example 18, step 1, 2, but 
substituting respectively ethyl-8-iodooctanoate for ethyl-7-iodoheptanoate and 4- 
bromobenzoyl chloride for benzoyl chloride, the resulting ester was substituted 
for 49d in Example 67, step 1. Then, following the procedure described in 
Example 18, step 3, but substituting the final ester for ester 49a, the resulting acid 
was substituted for 50g in Example 22, to afford the title compound 130 in 45% 
yield 'H NMR (300 MHz, CDOJ : 5 7.87 (d, J = 7.5 Hz, 2H), 7.55 (d, J = 7.5 Hz, 
2H), 7.51-7.20 (m, 5H), 7.05-6.58 (m, 4H), 2.86 (t, J = 7.5 Hz, 2H), 2.24 (t, J = 7.5 Hz, 
2H),1.58- 1.26(m,10H). 
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131 : X= O, R, = OH (Example 75) 

132 : X= O, R, = (Jjf^ (Exa m P te 76 > 

133 :X= OH, R 1 = (^f""* (Example 77) 
134:X=NOH,R 1 = (Example 78) 



(Example 79) 

P.xam ple 75; 

N-Hydroxy-7-[(3-biphenyl)carbonyl]heptanamide(131) 

Following the procedure described in Example 18, step 1, 2, but 
substituting respectively 3-bromobenzoyl chloride for benzoyl chloride, the 
resulting ester was substituted for 49d in Example 67, step 1. Then, following the 
procedure described in Example 18, step 3, but substituting the final ester for ester 
49a, the resulting acid was substituted in Example 14, step 3, using 1.1 equivalent 
of NH.OH.Ha and triethylamine each, to afford the title compound 131 in 
35%yield. 'H NMR (300 MHz, CDC^: 8 8.13 (s, 1H), 7.88-7.30 (m, 8H), 2.96 (br t, 
2H), 2.17 (m, 2H), 1.77-1.58 (m, 4H), 1.35 (m, 4H). M C NMR (75 MHz, CDCy 
823.93, 25.12, 28.71(2), 32.73, 38.48, 126.61, 126.88, 127.08, 127.72, 128.85, 128.99, 
131.58, 137.30, 140.06, 141.57, 171.82, 200.75. 

Example 76; 

N-(2-Arnmophenyl)-7-[(3-biphenyl)carbonyl]heptanamide(132) 

Following the procedure described in Example 18, step 1, 2, but 
substituting respectively 3-bromobenzoyl chloride for benzoyl chloride, the 
resulting ester was substituted for 49d in Example 67, step 1 . Then, following the 
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procedure described in Example 18, step 3, but substituting the final ester for ester 
49a, the resulting acid was substituted for 50g in Example 22, to afford the title 
compound 132 in 58% yield. J H NMR (300 MHz, CDCy: 6 8.15 (s, 1H), 8.08 (s, 
1H), 7.88-7.30 (m, 8H), 7.20-6.62 (m, 4H), 2.99 (t, J = 7.2 Hz, 2H), 2.28 (t , J = 7.5 Hz, 
2H), 1.77-1.58 (m, 4H), 1.36 (m, 4H). »C NMR (75 MHz, CDCLJ 523.85, 25.39, 28.71, 
28.79, 36.30, 38.33, 117.49, 118.72, 124,00, 125.38, 126.38, 126.67, 126.74, 126.89, 
127.56, 128.70, 128.84, 131.35, 137.21, 139.87, 140.90, 141.38, 172.14, 200.35. 

Example 77: 

N-(2-Aminophenyl)-8-(3-biphenyl)- 8-hydroxy-octanamide (133) 

To a suspension of NaBH 4 (28.4mg, 0.75mmol) in THF (4mL) at -20°C was 
added a solution of ketone 132 (300mg, 0.75mmol) in THF (lmL), followed by 
addition of methanol (lmL). After being stirred at 0°C for 2 hours, the reaction 
was quenched by adding water (lmL). The solvent was removed under reduced 
pressure, and the resulting residue was then partitioned between ethyl acetate 
and water. After drying the combined organic phase (MgSOJ and concentration, 
the crude was purified by flash chromatography using ethyl acetate as an eluent 
to give the title compound 133 (260mg, 86% yield). 'H NMR (300MHz, CDCLJ: 
8 7.62 (s, 1H), 7.62-7.30 (m, 8H), 7.20-6.66 (m, 4H), 4.70 (br t, 1H), 2.35 (t, J = 7.2 Hz, 
2H), 2.00-1.3 (m,10H). 

•\ 

F.xam ple 78; 

N-(2-Ammophenyl)-ME)-oxim^^ 

A mixture of 132 (lOOmg, 0.25mmol) and NH.OH • HC1 (70mg, l.Ommol) in 
pyridine (0.4mL) was heated at 50°C for 16 hours. The pyridine was then 
removed under reduced pressure and the resulting residue was partitioned 
> between ethyl acetate and water. After drying the combined organic phase 
(MgSOJ and concentration, the crude was purified by flash chromatography 
using ethyl acetate as an eluent to give the title compound 134 (81mg, 78% yield) 
as a mixture of E and Z isomer in a ca 5 : 1 ratio. l H NMR for a major E isomer 
(300 MHz, CDCLJ: 8 9.25 (br s, 1H), 7.80 (m, 1H), 7.62-7.35 (m, 8H), 7.20-6.62 (m, 
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4H), 3.82 (br S/ 2H), 2.85 (t, J = 7.5 Hz, 2H), 2.30 (t, J = 7.5 Hz, 2H), 1.68 (m, 2H), 
1.59 (m,2H), 1.39 (m,4H). 



N-(2-Ammophenyl)-8-(E)-0^^ 

Following the procedure described in Example 78, but substituting 
N-methoxylarnine • HC1 for N-hydroxylarnine • HQ, the title compound 135 was 
obtained in 57% yield as a mixture of E and Z isomer in a ca 3 : 1 ratio. 'H NMR 
for a major E isomer (300 MHz, CDCQ: 

8 7.84 (m, 1H), 7.62-7.31 (m, 8H), 7.22-6.75 (m, 4H), 3.99 (s, 3H), 3.80 (br s, 2H), 
2.78 (t, J = 7.5 Hz, 2H), 2.35 (t, J = 7.5 Hz, 2H), 1.72 (m, 2H), 1.57 (m, 2H), 1.39 (m, 
4H). 

amine(RiR 2 NH) , 



(+)BINAP Pd 2 (dba) 3 
CszCOg/tol 



N 138 



.NHOH EDC. HOBt R, 

NHaOH.HCI 



,38a: Rl R 2 N= QT <Examp,e80) -Be: R,R 2 N = ^ NH ~"> 

a N *»*; c . 138f: R 1 R 2 N= CP NH (Example 8S) 
(Example 81) 

138d : R1 R 2 N (Example 82a) 138g : R n R 2 N = 0"0 86) 

138c2:RlB2 N= H_N C/ N (Example 82b) 138 h . r^m = (Example 87) 

138d : B1 R 2 N = QL NH (Ex amp.e 83) 138 i : Rl R 2 N = O (EXHmpte "» 
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Example 80: 

N-Hydroxy-7-[4-(N-phenyl)benzoyl]heptanajnide(138a) 
<;t or 1- Fth Y 1-7-r4-fN T ^pnyT>benzov11heptanQate (136a) 

To a mixture of bromoester 49d (171 mg, 0.5 mmol), Pd 2 (dba) 3 (9.2 mg, 0.01 mmol), 
5 BINAP (12.4 mg, 0.032 mmol), and Cs 2 CO a (228 mg, 0.7 mmol) dissolved in dry 
toluene (2 mL), was added aniline (56 mg, 0.6 mmol). The reaction mixture was 
degassed for 10 minutes by bubbling with nitrogen stream and then heated at 
100°C until TLC showed no starting material 49d (ca 20-30 hours). After cooling to 
room temperature, the reaction mixture was partitioned between ethyl acetate 
10 and water and then the combined organic layers were dried (MgSOJ, and 
concentrated. Purification by flash chromatography using ethyl acetate and 
hexane as eluents gave the title compound 136a in 45% yield. 'H NMR (300 MHz, 
CDCg: 5 7.86 (d, J = 9.0 Hz, 2H), 7.36-6.98 (m, 7H), 6.30 (s, 1H), 4.11 (q, J = 7.2 Hz, 
2H), 2.87 (t, J = 73 Hz, 2H), 229 (t, J = 7.5 Hz, 2H), 1.72 (m, 2H), 1.63 (m, 2H), 1.37 
15 (m, 4H), 1.25 (t, J = 7.2Hz, 3H). U C NMR (75 MHz, CDCg 

5 14.18, 24.53, 24.77, 28.92, 19.01, 34.24, 37.88, 60.12, 114.40, 120.48, 123.1, 128.65, 12 

9.41, 130.26, 140.67, 148.20, 174.77, 198.63. 

g t< T 7t 7-r4-fN -pbpr, y nbenzovnheptanoic acid (137a), 

Following the procedure described in Example 18, step 3, but substituting 
20 ester 136a for ester 49a, the tide compound 137a was obtained in 95% yield. >H 

NMR (300 MHz, CDCy : 8 7.85 (d, J = 9.0 Hz, 2H), 7.36-7.17 (m, 4H), 7.05 (m, 1H), 
7.00 (d, J = 9.0 Hz, 2H), 3.95 (br s, 1H), 2.88 (t, J = 7.5Hz, 2H), 2.30 (t, J = 7.5 Hz, 
2H), 1.72 -1.58 (m, 4H), 1.38 (m, 4H). 13 C NMR (75 MHz, CDCy 
5 24.56, 24.58, 28.77, 28.90, 33.82, 
25 33.80, 114.14, 120.29, 122.87, 128.01, 129.27, 130.30, 140.63, 148.52, 176.68, 199.47. 

ctop * M-m ydroxvV 7 -[M^-p hpnvnbpp7 ° yl1hpptanaroide (138i>) 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic acid 137a for 37, and using 1.1 equivalent of NHpH.Hd and 
triemylamine each, the title compound 138a was obtained in 43% yield. 'H NMR 
130 
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(300 MHz, 20% CD 3 OD in CDd,): 5 7.85 (d, J = 8.7 Hz, 2H), 7.36-7.00 (m, 7H), 2.89 
(t, J = 7.2Hz, 2H), 2.10 (t, J = 7.5 Hz, 2H), 1.72 -1.58 (m, 4H), 1.37 (m, 4H). *C NMR 
(75 MHz, 20% CD 3 OD in CDCI3) 

8 24.48, 25.03, 28.55, 28.62, 32.50, 37.62, 1 13.94, 120.22, 122.73, 
5 127.54, 129.15, 130.28, 140.63, 148.86, 171.12, 199.83. 

Example 81: 

N-Hydroxy-7-[4-(N-methyl-N-phenyl)benzoyllheptanamide(138b) 

Stop 1- T?ih yl-7-r4-fN-i ^^ y1-^-phenv1)benzoYnheptanoate (136b) 

Following the procedure described in Example 80, step 1, but substituting 

10 N-methylaniline for aniline, the title compound 136b was obtained in 11% yield. 
'H NMR (300 MHz, CDC1,): 8 7.81 (d, J = 9.3 Hz, 2H), 7.39 (m, 2H), 7.21 (m, 3H), 
6.74 (d, J = 9.3 Hz, 2H), 4.11 (q, J = 7.2 Hz, 2H), 3.36 (s, 3H), 2.85 (t, J = 7.5 Hz, 2H), 
2.28 (t, J = 7.5 Hz, 2H), 1.74-1.56 (m, 4H), 1.36 (m, 4H), 1.24 (t, J = 7.2 Hz, 3H). *C 
NMR (75 MHz, CDCI3) 8 14.20, 24.63, 24.76, 28.92, 29.02, 34.23, 37.79, 40.11, 60.07, 

15 113.50, 125.45, 125.94, 126.88, 129.75, 129.83, 147.23, 152.46, 173.70, 198.61. 

S*> r 9- 7-f4-f-fN-meth y1-^-pbpnvDbenzovnheptanoic acid (137b) 

Following the procedure described in Example 18, step 3, but substituting 
ester 136b for ester 49a, the title compound 137b was obtained in 95% yield. *H 
NMR (300 MHz, CDCI3): 8 7.81 (d, J = 9.3 Hz, 2H), 7.40 (m, 2H), 7.21 (m, 3H), 6.75 
20 (d, J = 9.3 Hz, 2H), 3.37 (s, 3H), 2.86 (t, J = 7.5 Hz, 2H), 2.34 (t, J = 7.5 Hz, 2H), 1.78- 
1.56 (m, 4H), 1.38 (m, 4H). U C NMR (75 MHz, CDO,) 5 24.47, 24.67, 28.83, 28.98, 
33.92, 37.79, 40.13, 113.48, 125.51, 125.99, 126.77, 129.77, 129.92, 147.21, 152.53, 
179.51, 198.92. 

g t<T a- M-TT yrfroxv- 7 - f4-^- mP thvl-N-phenvnbenzoYHheptaTTamide (138b) 
25 Following the procedure described in Example 14, step 3, but substituting 

carboxylic acid 137b for 37, and using 1.1 equivalent of NHpH.Hd and 
triemylamine each, the title compound 138b was obtained in 37% yield. 'H NMR 
(300 MHz, 20% CD3OD in CDCIJ: 8 7.74 (d, J = 9.0 Hz, 2H), 7.36 (m, 2H), 7.17 (m, 
131 
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3H), 6.68 (d, J = 9.0 Hz, 2H), 3.31 (s, 3H), 2.80 (t, J = 7.2 Hz, 2H), 2.03 (t, J = 7.2 Hz, 
2H), 1.70-1.50 (m, 4H), 1.30 (m, 4H). "C NMR (75 MHz, 20% CD 3 OD in CDd,) 8 
24.53, 25.01, 28.53, 28.60, 32.47, 37.57, 38.87, 113.10, 125.55, 125.96, 126.03, 129.62, 
129.87, 146.85, 152.67, 171.14, 199.83. 



example o^tu 

N-Hydroxy-744-(l-(4-fei*-b^ 
(138cl) 

Ste p 1: Efay1-7-T4-rt-(4-t^MMitv1oxvca r Hnn^ 

Following the procedure described in Example 80, step 1, but substituting 
1-butyloxycarbonylpiperazine for aniline, the title compound 136cl was obtained 
in 14% yield. 'H NMR (300MHz, CDCl,): 8 7.88 (d, J = 9.0 Hz, 2H), 6.86 (d, J = 9.0 
Hz, 2H), 4.12 (q, J = 7.2Hz, 2H), 3.58(m, 4H), 3.32(m, 4H), 2.87(t, J = 7.5Hz, 2H), 
2.28(t, J = 7.5 Hz, 2H), 1.72 (m, 2H), 1.63 (m, 2H), 1.49 (s, 9H), 1.38 (m, 4H), 1.25 (t, J 
= 7.2 Hz, 3H). U C NMR (75 MHz, CDCy 
8 14.15, 24.48, 24.73, 28.31, 28.89, 28.97,34.20, 37.85, 

42.30, 47.30, 60.06, 80.03, 113.71, 127.74, 130.02, 153.77, 154.54, 173.68, 198.66. 

Sfp p 2: 744-0-(^^-biitvlo x y r a rhnnvl pipera7.inv1^benzoyl1heptanoic acid 
m7cD 

Following the procedure described in Example 18, step 3, but substituting 
ester 136cl for ester 49a, the title compound 137cl was obtained in 93% yield. 'H 
NMR (300MHz, CDO,): 8 7.88 (d, J = 9.0 Hz, 2H), 6.88 (d, J = 9.0 Hz, 2H), 3.58 (m, 
4H), 3.33 (m, 4H), 2.88 (t, J = 7.5 Hz, 2H), 2.34 (t, J = 7.5 Hz, 2H), 1.74-1.58 (m, 4H), 
1.49 (s, 9H), 1.39 (m, 4H). "C NMR (75 MHz, CDO,) 
8 24.47, 28.30(2), 28.79, 28.92,33.87, 

37.81,42.40,47.24, 80.16, 113.69, 127.63, 130.06, 153.75, 154.61, 179.01, 198.86. 
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Step 3: Ar-H ydroxv-74^n-f4-fert-b ii^1" ^arbonvlpiperazinvl))ben2oyll- 
hpptanamide (138cl> 

FoUowing the procedure described in Example 14, step 3, but substituting 
carboxylic acid 137cl for 37, and using 1.1 equivalent of NH.OH.HCl and 

5 triethylamine each, the title compound 138cl was obtained in 46% yield. 'H NMR 
(300 MHz, 20% CD 3 OD in CDC12): 8 7.76 (d, J = 9.0 Hz, 2H), 6.76 (d, J = 9.0 Hz, 
2H), 3.48 (m, 4H), 3.24 (m, 4H), 2.77 (t, J = 6.9 Hz, 2H), 1.98 (t, J = 7.2 Hz, 2H), 1.70- 
1.48 (m, 4H), 1.37 (s, 9H), 1.25 (m, 4H). 13 C NMR (75 MHz, 20% CD 3 OD in CDCI3) 
8 24.39, 25.03, 28.04, 28.56, 28.61, 32.50, 37.67, 42.93, 46.96, 80.35, 1 13.51, 127.1 1, 130 

10 .07, 153.81, 154.73, 171.06, 198.87. 



Example 82b: 

N-Hydxoxy-744-(l-(piperazinyli)benzoyl]heptanamide(138c2) 

To a stirred solution of 138cl (56 mg, 0.129 mmol) in dichloromethane(0.5 
mL) at room temperature was added trifluoroacetic acid (0.2 mL, 2.6 mmol). After 
being stirred at room temperature for 30 minutes, the reaction mixture was 
concentrated under reduced pressure. The residue obtained was dissolved in 
water (2 mL), neutralized with saturated aqueous sodium bicarbonate solution (2 
mL), extracted with ethyl acetate and then with 10% methanol in chloroform The 
combined organic layers were dried and concentrated under reduced pressure to 
give the title compound 138c2 (20 mg, 46% yield). H NMR (300MHz, 20% CD 3 OD 
in CDCI3): 8 7.75 (d, J = 8.4 Hz, 2H), 6.77 (d, J = 8.4 Hz, 2H), 3.24 (m, 4H), 2.91 (m, 
4H), 2.77(t, J = 7.2 Hz, 2H), 2.28 (t, J = 6.6 Hz, 2H), 1.58 (m, 4H), 1.25 (m, 4H). 

Example 83: 

N-Hydxoxy-7-[4-0V-2-ainmopyridyl)berizoyl]heptanariude(138d) 

Qtop 1- Kth yl-y-f^fN- ^-aTTiinopvnHly^bRnzovllheptanoate (136d) 

FoUowing the procedure described in Example 80, step 1, but substituting 
2-aminopyridine for aniline, the title compound 136d was obtained in 40% yield. 
l H NMR (300 MHz, CDCLJ: 8 8.28 (dd, J = 8.1, 1.2 Hz, 1H), 7.93 (d, J = 8.7 Hz, 2H), 
7.57 (m, 1H), 7.48 (d, J = 8.7 Hz, 2H), 7.17 (s, 1H), 6.93 (m, 1H), 6.84 (m, 1H), 5.39 (t, 
133 
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J = 5.7 Hz, 1H), 4.12 (q, J = 7.2 Hz, 2H), 2.90 (t, J = 7.5 Hz, 2H), 2.30 (t, J = 7.5 Hz, 
2H), 1.78-1.56 (m, 4H), 1.38 (m, 4H), 1.25 (t, J =7.2 Hz, 3H). »C NMR (75 MHz, 
CDCy 5 14.21, 24.43, 24.78, 28.94, 29.00, 34.26, 38.04, 60.15, 110.40, 116.32, 117.19, 
129.86, 130.27, 137.77, 145.24, 148.23, 154.45, 173.78, 198.92. 

fifpp 2: 7-f4-(M-2-aminopy ^rlynhenzovnheptanoic add (137d) 

Following the procedure described in Example 18, step 3, but substituting 
ester 136d for ester 49a, the title compound 137d was obtained in 95% yield. 'H 
NMR (300 MHz, CDCl^: 5 7.85 (d, J = 9.0 Hz, 2H), 7.36-7.17 (m, 4H), 7.05 (m, 1H), 
7.00 (d, J = 9.0 Hz, 2H), 3.95 (br s, 1H), 2.88 (t, J = 73 Hz, 2H), 2.30 (t, J = 7.5 Hz, 
2H), 1.72 -1.58 (m, 4H), 1.38 (m, 4H). 13 C NMR (75 MHz, CDCl,) 
8 24.56, 24.58, 28.77, 28.90,33.82, 

33.80, 114.14, 120.29, 122.87, 128.01, 129.27, 130.30, 140.63, 148.52, 176.68, 199.47. 
Ste p 3: N-H yHrnv Y-7-f4-rM-2- a minopv ridvl)ben zoyl1hpptanamide (138d) 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic acid 137d for 37, and using 1.1 equivalent of NHpH.HCl and 
triethylamine each, the title compound 138d was obtained in 11% yield. >H NMR 
(300 MHz, DMSOdg): 5 8.61 (br s, 1H), 8.20 (m,lH), 7.95-6.80 (m, 6H), 2.88 (t, J = 
7.5 Hz, 2H), 1.91 (t, J = 7.5 Hz, 2H), 1.68-1.40 (m, 4H), 1.26 (m, 4H). "C NMR (75 
MHz, CDCl,) 24.27, 25.16, 28.59(2), 32.37, 37.41, 111-96, 115.80, 116.62, 128.70, 
129.54, 137.81, 146.344, 147.43, 155.16, 169.43, 198.48. 

Example 84; 

N-Hydroxy-7-[4-(N-2-arnmotMazolyl)benzoyl]heptanamide (138e) 
c* Q p i. T?^ yl-7-f4-^-2-am ^nthi a zolvnbPTi70vnheptanoate (136e) 

Following me procedure described in Example 80, step 1, but substituting 
5 2-aminothiazole for aniline, the title compound 136e was obtained in 76% yield. 
l H NMR (300 MHz, CDOJ: 6 10.05 (br s, 1H), 7.97 (d, J = 8.7 Hz, 2H), 7.48 (d, J = 
8.7 Hz, 2H), 7.39 (d, J = 3.6 Hz, 1H), 6.75 (d, J = 3.6 Hz, 1H), 4.13 (q, J = 7.2 Hz, 2H), 
2.92 (t, J = 7.5 Hz, 2H), 2.30 (t, J = 7.5 Hz, 2H), 1.78-1.56 (m, 4H), 1.38 (m, 4H), 1.26 
134 
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(t, J =7.2 Hz, 3H). B C NMR (75 MHz, CDCQ 8 14.07, 24.24, 24.64, 28.79, 28.84, 
34.12, 37.95, 60.08, 108.66, 115.90, 129.90, 130.35, 138.23, 144.74, 163,98, 173.75, 
198.88. 

Ste p 2: 7-r4-rN-2-aminot V>^7.o1 ynbenzoyllheptanoic add (137e) 

Following the procedure described in Example 18, step 3, but substituting 
ester 136e for ester 49a, the title compound 137e was obtained in 98% yield. l H 
NMR (300MHz, 20% CD 3 OD in CDCI3): 8 7.44 (d, J = 9.0 Hz, 2H), 7.62 (d, J = 9.0 
Hz, 2H), 7.30 (d, J = 3.6 Hz, 1H), 6.83 (d, J =3.6 Hz, 1H), 2.96 (t, J = 7.5 Hz, 2H), 2.30 
(t, 2H, 7.5 Hz, 2H), 1.73 (m, 2H), 1.64 (m, 2H), 1.41 (m, 4H). U C NMR (75 MHz, 20% 
CD3OD in CDC1,) : 

823.86, 24.02,28.21(2), 33.18, 37.23, 108.65, 115.35, 129.20(2), 137.81, 
145.08, 163.90, 175.84, 199.74. 

Ste p 3: N-Hydrow-744-rM-2- a minoth iay.n1v^benzov11hpptariamide (138e) 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic acid 137e for 37, and using 1.1 equivalent of NHjOH-HO and 
triethylamine each, the title compound 138e was obtained in 28% yield. *H NMR 
(300 MHz, 20% CD3OD in CD s OD): 8 7.88 (d, J = 8.7 Hz, 2H), 7.63 (d, J = 8.7 Hz, 
2H), 7.25 (d, J = 3.3 Hz, 1H), 6.71 (d, J = 3.3 Hz, 1H), 2.87 (t, J = 6.9 Hz, 2H), 2.04 (t, 
J = 7.5 Hz, 2H), 1.72-1.50 (m, 4H), 1.31 (m, 4H). *C NMR (75 MHz, 20% CD 3 OD in 
CDCI3) 8 24.24, 25.03, 28.58(2), 33.52, 37.83, 108.94, 115.92, 129.83, 138.21, 145.08, 
171.10, 199.97. 

Fxample 85: 

N-Hydroxy-7-[4-(N-3-armnomethyl^^ 

gteg i- T7th yl-744-fN-3-«rninnmethv 1pvridvl)ben zoyl1heptanoate (136f) 
i Following the procedure described in Example 80, step 1, but substituting 

3-aminomethylpyridine for aniline, the title compound 136f was obtained in 61% 
yield. 'H NMR (300 MHz, CDCI3): 8 8.58 (br s, 1H), 8.50 (d, J = 3.9 Hz, 1H), 7.00 (d, 
J = 8.7 Hz, 2H), 7.65 (m, 1H), 7.24 (dd, J = 7.5, 1.5 Hz, 1H), 638 (d, J = 8.7 Hz, 2H), 
135 
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5.39 (t, J = 5.7 Hz, 1H), 4.42 (d, J = 5.7 Hz, 2H), 4.12 (q, J = 7.2 Hz, 2H), 2.82 (t, J = 
7.5 Hz, 2H), 2.28 (t, J = 7.5 Hz, 2H), 1.74-1.56 (m, 4H), 1.35 (m, 4H), 1.24 (t, J =7.2 
Hz, 3H). "C NMR (75 MHz, CDCy 5 14.01, 24.44, 24.58, 28.73, 28.83, 34.03, 37.54, 
44.69, 59.92, 111.47, 123.37, 126.53, 130.24, 133.90, 134.74, 148.51, 148.68, 151.46, 
5 173.56, 198.44. 

gte p ?• 7-\4-( M-3-am^ nTTiPth ylpv nd v nbenzoY l l hpptanoic acid (137fl 

Following the procedure described in Example 18, step 3, but substituting 
ester 136f for ester 49a, the title compound 137f was obtained in 83% yield. 'H 
NMR (300 MHz, 20% CD 3 OD in CDCI3): 8 8.52 (br s, 1H), 8.54 (d, J = 3.9 Hz, 1H), 
10 7.79 (d, J = 9.0 Hz, 2H), 7.70-7.24 (m, 3H), 6.59 (d, J = 9.0 Hz, 2H), 4.40 (s, 2H), 2.84 
(t, J = 7.5 Hz, 2H), 2.28 (t, J = 7.5 Hz, 2H), 1.74-1.54 (m, 2H), 1.37 (m, 4H). 
^ T 3. M-H yHrnxv-7-r 4 -^-3- a Tninompthv1pvridyl)benzoYl1heptanamide (138f) 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic acid 137f for 37, and using 1.1 equivalent of NHpHHCl and 
15 triethylamine each, the title compound 138f was obtained in 46% yield/H NMR 
(300 MHz, 20% CD3OD in CDCy : 8 8.46 (m, 1H), 8.38 (m, 1H), 7.71 (d, J = 8.7 Hz, 
2H), 6.66 (m, 1H), 7.25 (m, 1H), 6.51 (d, J = 8.7 Hz, 2H), 4.38 (m, 2H), 2.76 (t, J = 7.2 
Hz, 2H), ZOO (t, J = 7.2 Hz, 2H), 1.66-1.44 (m, 4H), 1.26 (m, 4H). "C NMR (75 MHz, 
20% CD3OD in CDCI3) 
20 8 24.55, 25.01, 28.52, 28.59, 32.48, 37.49, 44.33, 111.44, 123.78, 126.00, 130.47, 

134.64, 135.49, 147.76, 147.90, 151.85, 171.07,199.83. 
Example 86; 

N-Hydroxy^-^a-C^phenylpiperazmyDJberizoyllheptanamideasSg) 
g^p 1- F.th yl-7-r4-fl-(^p bpn ylpipe r a ^ny1^benzov11heptanoate (136s) 
25 Following the procedure described in Example 80, step 1, but substituting 

1-phenylpiperazine for aniline, the title compound 136g was obtained in 32% 
yield. *H NMR (300 MHz, CDCI3): 8 7.90 (d, J = 9.0 Hz, 2H), 7.33-7.26 (m, 3H), 6.97 
(m, 2H), 6.92 (d, J = 9.0 Hz, 2H), 4.12 (q, J = 7.2 Hz, 2H), 3.51 (m, 4H), 3.34 (m, 4H), 
136 
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2.88 (t, J = 7.5 Hz, 2H), 239 (t, J = 7.5 Hz, 2H), 1.72 (m, 2H), 1.63 (m, 2H), 1.49 (s, 
9H), 1.38 (m, 4H), 1.25 (t, J = 7.2 Hz, 3H). "C NMR (75 MHz, CDOJ 
8 14.23, 24.59, 24.82, 28.98, 

29.07, 34.29,37.93, 47.48, 49.06, 60.15, 113.62, 116.31, 120.27, 127.68, 129.22, 130.10, 1 
5 50.93, 153.89, 173.78, 198.78. 

StP p 2: 7-r4-n-f4-phenvlp ir^a^^ yl^bP nzo V 1 1 he 1 :>tanok add (137 ^ 

Following the procedure described in Example 18, step 3, but substituting 
ester 136g for ester 49a, the title compound 137g was obtained in 96% yield. 'H 
NMR (300 MHz, CDClg): 8 7.79 (d, J = 9.0 Hz, 2H), 7.25-7.17 (m, 3H), 6.89-6.78 (m, 
10 5H), 6.92 (d, J = 9.0 Hz, 2H), 3.41 (m, 4H), 3.24 (m, 4H), 2.89 (t, J = 7.5 Hz, 2H), 2.35 
(t, J = 7.5 Hz, 2H), 1.73 (m, 2H), 1.65 (m, 2H), 1.28 (m, 4H), *C NMR (75 MHz, 
COO,) 

8 24.52, 24.57, 28.88, 29.02, 33.84, 37.90, 47.46, 49.10, 113.64, 116.37, 120.34, 127.64, 
129.23, 130.14, 150.91, 153.91, 179.02, 198.88. 

15 a» p 3j M-Hvdro v y-7-r^l-M-phe^ (138g) 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic add 137g for 37, and using 1.1 equivalent of N^OHHQ and 
triethylamine each, the title compound 138g was obtained in 38% yield. 'H NMR 
(300MHz, 20% CD3OD in CDC1,): 8 7.79 (d, J = 8.7 Hz, 2H), 7.19 (m, 2H), 6.89-6.78 

20 (m, 5H), 3.41 (m, 4H), 3.24 (m, 4H), 2.78 (t, J = 7.5 Hz, 2H), 2.00 (t, J = 7.5 Hz, 2H), 
1.66-1.46 (m, 4H), 1.26 (m, 4H), U C NMR (75 MHz, 20% CD 3 OD in CDCIJ 
8 24.40, 25.03, 28.61(2), 32.48, 37.65, 47.06, 48.96, 113.35, 116.24, 120.22, 126.89, 128.9 
8, 130.06, 150.65, 153.89, 171.11, 199.86. 
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Example 87; 

N-Hydroxy-7-[4-(l-piperidinyl)benzoyl]heptanamide(138h) 

c;t P p 1- P.th yl-y^^fl-p i peridinv^benzovllhe ptanoate (136h) 

Following the procedure described in Example 80, step 1, but substituting 
5 1-piperidine for aniline, the title compound 136h was obtained in 40% yield. l H 
NMR (300 MHz, CDCI3): 8 7.81 (d, J = 9.0 Hz, 2H), 6.80 (d, J = 9.0 Hz, 2H), 4.07 (q, 
J = 7.2 Hz, 2H), 3.30 (m, 4H), 2.81 (t, J = 7.5 Hz, 2H), 2.24 (t, J = 7.5 Hz, 2H), 1.74- 
1.56 (m, 10H), 1.20 (m, 4H), 1.24 (t, J =7.2Hz, 3H). "C NMR (75 MHz, CDCI3) 6 
14.23,24.32,24.28,24.81,25.32,28.97,29.07,34.28,37.79,48.58,60.11,113.26, 

10 126.40, 130.13, 154.29, 173.77, 198.63. 

gto p ?• 7-f4-fl- P iperi-Hin y^berizovnheptanoic acid (137h) 

Following the procedure described in Example 18, step 3, but substituting 
ester 136h for ester 49a, the title compound 137h was obtained in 98% yield. 'H 
NMR (300 MHz, CDC^): 8 7.84 (d, J = 9.0 Hz, 2H), 6.84 (d, J = 9.0 Hz, 2H), 3.35 (m, 
15 4H), 2.86 (t, J = 7.5 Hz, 2H), 2.35 (t, J = 7.5 Hz, 2H), 1.74-1.56 (m, 10H), 1.20 (m, 
4H). W C NMR (75 MHz, CDC13) 8 24.25, 24.46, 24.65, 25.24, 28.81, 28.97, 33.92, 
37.71, 48.53, 113.24, 126.25, 130.17, 154.27, 179.53, 198.87. 
Rtp p 3: Nr-HvH mx y-7-r4-a - p i ppridmvnbenzovnheptanamide (138h) 

Following the procedure described in Example 14, step 3, but substituting 
20 carboxylic acid 137h for 37, and using 1.1 equivalent of NHPH.HC1 and 

triethylamine each, the title compound 138h was obtained in 45% yield. J H NMR 
(300 MHz, 20% CD 3 OD in CDC^): 8 7.71 (d, J = 8.7 Hz, 2H), 6.73 (d, J = 8.7 Hz, 
2H), 3.23 (m, 4H), 2.74 (t, J = 7.2 Hz, 2H), 1.98 (t, J = 6.6 Hz, 2H), 1.54 (m, 10H), 1.24 
(m, 4H). »C NMR (75 MHz, 20% CD 3 OD in CDQ3) 8 24.00, 24.50 24.99(2), 28.49, 
25 28.58, 32.43, 37.49, 48.23, 112.96, 125.55, 130.11, 154.25, 171.15, 199.72. 
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Example 88: 

N-Hydroxy-744-(N-morpholinyl)benzoyl]heptanamide(138i) 

Ste p 1: Tsthyl-y-fA-rN-mor p ^nlin y^benzovllheptanoaie (136i) 

Following the procedure described in Example 80, step 1, but substituting 
morpholine for aniline, the title compound 136i was obtained in 43% yield. l H 
NMR (300 MHz, CDCIJ: 8 7.90 (d, J = 9.0 Hz, 2H), 6.87 (d, J = 9.0 Hz, 2H), 4.12 (q, J 
= 7.2 Hz, 2H), 3.87 (m, 4H), 3.30 (m, 4H), 2.88 (t, J = 7.5 Hz, 2H), 2.29 (t, J = 7.5 Hz, 
2H), 1.72 (m, 2H), 1.63 (m, 2H), 1.38 (m, 4H), 1.25 (t, J = 7.2Hz, 3H). B C NMR (75 
MHz, CDCy 

8 14.21, 24.52, 24.78, 28.94, 29.03, 34.25, 37.90, 47.53, 60.12, 113.29, 127.90, 130.01, 
154.06, 173.74, 198.75. 

Ste p 1- 7-r4-fN-Tnnrpholinvnbenzovnhept anoic acid (137i) 

Following the procedure described in Example 18, step 3, but substituting 
ester 136i for ester 49a, the title compound 137i was obtained in 93%yield. *H 
NMR (300 MHz, CDCI3): 8 7.89 (d, J = 9.0 Hz, 2H), 6.86 (d, J = 9.0 Hz, 2H), 3.85 (m, 
4H), 3.29 (m, 4H), 2.87 (t, J = 7.5 Hz, 2H), 2.33 (t, J = 7.5 Hz, 2H), 1.76-1.58 (m, 4H), 
1.38 (m, 4H). 13 C NMR (75MHz, CDCy 
8 24.48, 24.51, 28.85, 28.98, 33.90, 37.88, 47.51, 66.51, 
113.32, 127.86, 130.06, 154.09, 179.41, 198.92. 

stop %■ M-TT Y ^i-"xy-7-T^-^-morphr >1^ynbenzov11heptanamide (138i) 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic acid 137i for 37, and using 1.1 equivalent of NHpHHCl and 
triemylamine each, the title compound 138i was obtained in 34% yield. *H NMR 
(300 MHz, 20% CD3OD in CDC12J: 8 7.89 (d, J = 9.0 Hz, 2H), 6.86 (d, J = 9.0 Hz, 
2H), 3.87 (m, 4H), 3.33 (m, 4H), 2.90 (t, J = 7.2 Hz, 2H), 2.11 (t, J = 7.2 Hz, 2H), 1.76- 
1.58 (m, 4H), 1.37 (m, 4H). U C NMR (75 MHz, 20% CD 3 OD in CDCU 
8 24.34, 25.00, 28.53, 28.58, 32.46, 37.64, 47.15, 66.28, 113.08, 127.20, 129.97, 154.07, 1 
71.13, 199.87. 
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,OMe 



1. n-BuU 
M^SnCS 




Ar-Br + 



2. Pda^R^)*, 



NH 2 OH.HCI 



EDC, HOBt 




141a2 : Ar= 



141a1 : Ar= 



Ar= ^ JT (Example 89a) 
Ar= (fjl (Example 89b) 



141b : Ar= 



(Qj^ (Example 90) 



Example 89; 

N-Hydroxy-7-[(3-pyxidyl)carbonyllheptanamide (141aD 
Ste p 1: M e thv]-7-r3-fpvridv nr a r b onvnhep tanoate (139al) 
i) Preparation of tin compound 

To a stirred solution of 3-bromopyridine (1.58 g, 10 mmol) in anhydrous 
ethyl ether (lOOmL) at -78°C was added n-butyl Uthium (1.6M in hexane, 7.5 mL) 
via a syringe, and the resulting solution was stirred at -78°C for 10 minutes. 
Trimethyltin chloride (2.39 g, 12 mmol) was then added, and the mixture was 
stirred at -78°C for 20 minutes, and then warmed to room temperature over 1 
hour. The reaction mixture was diluted with hexanes (30mL) and washed with 
water. The organic phase was dried and concentrated to give the crude product 
which was purified by vacuum distillation (125 °C at 15-20 mmHg) to give 3- 
trimethylstannyl pyridine (1.93 g, 80% yield). 
ii) StiLle coupling 

A mixture of 3-trimefhylstannyl pyridine (from f) (1.89 g, 7.81 mmol) and 
methyl 8-chloro-8-oxooctanoate in benzene (20mL) was heated overnight at reflux 
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in the presence of PdO^Ph^ (274 mg, 0.39 mmol). After cooling to room 
temperature, the reaction mixture was partitioned between ethyl acetate and 
water. The combined organic layers were dried, and concentrated. Purification by 
flash chromatography (ethyl acetate / hexane = 1/1) gave the desired product 
139al (1.15 g, 59 % yield) as a light yellow solid. >H NMR (300 MHz, CD 3 OD): 
8 9.16 (d, J = 1-8 Hz, 1H), 8.77 (dd, J = 4.8, 1.8 Hz, 1H), 8.23 (m, 1H), 7.43 (dd, J = 
7.8, 4.8 Hz, 1H), 3.67 (s, 3H), 2.99(t, J = 7.5 Hz, 2H), 2.32 (t, J = 7.5 Hz, 2H), 1.77 (m, 
2H), 1.65 (m, 2H), 1.41 (m, 4H). *C NMR (75 MHz, CDC1 3 ) 8 23.66, 24.66, 28.78, 
28.84, 33.89, 38.67, 51.41, 123.58, 132.11, 135.27, 149.54, 153.31, 174.06, 198.96. 

Ste p 9t 7-r3-(py ^H v 1V a rbonvnheptanoir arid (140al) 

FoUowing the procedure described in Example 18, step 3, but substituting 
ester 139al for ester 49a, the title compound 140al was obtained in 98% yield. «H 
NMR (300 MHz, 20% CD 3 OD in CD 3 OD): 8 9.12 (d, J = 1.8 Hz, 1H), 8.74 (dd, J = 
4 8 18Hz, 1H), 8.30 (m, 1H), 7.50 (dd, J = 7.8, 4.8 Hz, 1H), 3.02 (t, J = 7.5 Hz, 2H), 
2.32 (t, J = 7.5 Hz, 2H), 1.77 (m, 2H), 1.65 (m, 2H), 1.41 (m, 4H). »C NMR (75 MHz, 
20% CD 3 OD in CD3OD) 8 23.00, 24.01, 28.12, 28.18, 33.30, 38.09,123.42, 131.81, 
135.37, 148.39, 152.13, 175.80, 198.76. 

ShT a. M-Wy^lmv y- 7-r3 - (p yiHH y^carbor>vnheptanamide (141al) 

Following the procedure described in Example 14, step 3, but substituting 

, carboxylic acid 140al for 37, and using 1.1 equivalent of NHjOH-HCl and 

triemylamine each, the title compound 141al was obtained in 26% yield. H NMR 
(300MHz, 20% CD3OD in CD 3 OD): 8 9.12 (d, J = 1.5 Hz, 1H), 8.74 (dd, J = 4.8, 1.5 
Hz, 1H), 8.30 (m, 1H), 7.50 (dd, J = 7.8, 4.8 Hz, 1H), 3.02 (t, J = 7.5 Hz, 2H), 2.12 (t, J 
= 7.5 Hz, 2H), 1.75 (m, 2H), 1.65 (m, 2H), 1.40 (m, 4H). I3 C NMR (75 MHz, 20% 

5 CD3OD in CD,OD) 8 23.39, 25.00, 28.44, 28.53, 32.48, 38.46, 123.86, 132.17, 135.80, 
148.83, 152.61, 171.06, 199.31. 
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Exam ple 89b: 

N-Hydroxy-7-[(2-pyridyl)carbonyl]heptanainide (141a2) 

Ste p 3: N-Hv^rnxv- 742-fo yridyl Wrbonvllheptanamide (141a2) 

Following the procedure described in Example 90, step 1, but substituting 
2-bromopyridine for 3-bromopyridine and without addition of palladium (0) 
catalyst, followed by Example 18, step 3, but substituting ester 139a2 for ester 49a, 
and then the resulting carboxylic acid was substituted for 37 in Example 14, step 
3, using 1.1 equivalent of NH.OH.Ha and triethylamine each, to afford the title 
compound 141a2 was obtained in 5% yield. 'H NMR (300 MHz, 20% CD 3 OD in 
CDCI3): 8 8.67 (m, 1H), 8.03 (dt, J = 7.8, 1.2 Hz, 1H), 7.90 (m, 1H), 7.53 (m, 1H), 3.21 
(t, J = 7.5 Hz, 2H), 2.10 (t, J = 7.2 Hz, 2H), 1.73 (m, 2H), 1.65 (m, 2H), 1.40 (m, 4H). 
M C NMR (75 MHz, 20% CD 3 OD in CDCI3) 
523.45, 25.07, 28.53, 28.58, 32.55, 37.40, 121.77, 127.12, 137.05, 
148.65,152.97,171.19,202.24. 



N-Hydroxy-74(3Kiuinolinyl)carbonyl]heptanamide (141b) 

Ste p 1- Methvl-7-r Mqi"r.nlmv1Varbonvnhpptanoate (139b) 

Following the procedure described in Example 90, step 1, but substituting 
3-bromoquinoline for 3-bromopyridine, the title compound 140b was obtained in 
20 90% yield 

'H NMR (300MHz CDCI3): 8 9.43 (d, J = 2.1 Hz, 1H), 8.71 (d, J = 2.1 Hz, 1H), 8.16 
(m, 1H), 7.97 (m, 1H), 8.84 (m, 1H), 7.63 (m, 1H), 4.13 (q, J = 7.2 Hz, 2H), 3.10 (t, J 
=7.5 Hz, 2H), 2.31 (t, 7.5 Hz, 2H), 1.81 (m, 2H), 1.66 (m, 2H), 1.43 (m, 4H), 1.25 (t, J 
=7.2 Hz, 3H). U C NMR (75MHz, CDCI3): 
25 8 14.15, 23.77, 24.66, 28.82(2), 34.13, 38.68, 

60.09, 126.78, 127.44, 129.03, 129.25, 131.82, 136.87, 148.97, 149.55, 173.59, 198.90. 
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Step 2: 7-r3-rguinolinyl) rarhonynheptanoic acid (140b) 

Following the procedure described in Example 18, step 3, but substituting 
ester 139b for ester 49a, the title compound 140b was obtained in 93% yield. *H 
NMR (300 MHz, 20% CD 3 OD in CDCIJ: 6 9.25 (d, J =2.1 Hz, 1H), 8.67 (d, J = 1.8 
5 Hz, 1H), 8.01 (d, J = 8.1 Hz, 1H), 7.89 (m, 1H), 7.76 (m, 1H), 7.56 (m, 1H), 3.01 (t, J= 
7.5 Hz, 2H), 2.20 (t, J = 7.2 Hz, 2H), 1.70 (m, 2H), 1.54 (m, 2H), 1.33 (m, 4H). *C 
NMR (75 MHz, 20% CD 3 OD in CDCy 
823.60, 24.46, 28.62(2), 33.74, 38.55, 126.82, 127.65, 128.36, 
128.99, 129.29, 132.19, 137.47, 148.58, 148.91,176.22, 199.23. 
10 Step 3: N-HyHrnxy-7-r3-rquinolinv] ^arbonvl1heptanarnide (141b) 

Following the procedure described in Example 14, step 3, but substituting 
carboxylic acid 140b for 37, and using 1.1 equivalent of NH^OH.HCl and 
triethylamine each, the title compound 141b was obtained in 43% yield. *H NMR 
(300 MHz, DMSOcQ: 5 9.32 (d, J = 2.1Hz, 1H), 9.06 (d, J = 1.8 Hz, 1H), 8.20 (d, J = 
15 7.2 Hz, 1H), 8.09 (d, J =8.7 Hz, 1H), 7.91 (m, 1H), 7.72 (m, 1H), 3.19 (t, J= 7.2 Hz, 
2H), 1.95 (t, J = 7.5 Hz, 2H), 1.67 (m, 2H), 1.50 (m, 2H), 1.33 (m, 4H). 
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Example 91: 

N-Hydroxy-7-[(5-(2-phenyl)pyridyl)carbonyl]heptanamide(145) 
c t o r i; M < »th Yl-7-rr5-( 2 -V.roTr,^pvridv1VarbonvnheptanQate (142) 
5 Following the procedure described in Example 89, step 1, but substituting 

2>dibromopyridine for 3-bromopyridine, the title compound 142 was obtained 
in 39% yield. J H NMR (300 MHz, CDCIJ: 8 8.85 (d, J = 1.8 Hz, 1H), 8.77 (dd, J = 
8.1, 2.4 Hz, 1H), 7.43 (d, J = 8.1 Hz, 1H), 3.63 (s, 3H), 2.91 (t, J = 7.5 Hz, 2H), 2.28 (t, 
J = 7.5 Hz, 2H), 1.71 (m, 2H), 1.60 (m, 4H), 1.35 (m, 4H). 
10 Ste p 7- MPthvl-y-ffR-^-phen vl^vridvncarb onYllhepta^Qate (143) 

Following the procedure described in Example 67, step 1, but substituting 
respectively 142 for 49d and phenyl boronic acid for 3-thiophene boronic acid, the 
title compound 143 was obtained in 88% yield. l HNMR (300 MHz, CDCy: 8 9.23 
(dd, J = 2.4, 0.9 Hz, 1H), 8.30 (dd, J = 8.7, 2.4 Hz, 1H), 8.09-8.05 (m, 2H), 7.84 (dd, J 
15 = 8.7, 0.9 Hz, 1H), 7.56-7.40 (m, 3H), 3.67 (s, 3H), 3.00 (t, J = 7.5 Hz, 2H), 2.32 (t, J = 

144 
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136.42, 138.01, 149.61, 160.66, 174.13, 198.72. 
20% CD 3 OD in CDCy 

823.66,24.68,28.65,28,2,34.3,38.54, 1 20.54, 1 27,7, 1 2S,3, 1 29.9 1 . 
!30.31, 13645, 137.79, 149.32, 160.82, 177.18, 199.18. 

Joltowi n gto p I c«d^de S c^in«el4,^3^t— ^ 

f\TS< T7^(A T — 8 4 Hz, 1H), 7.46-7.35 (m, 3H), 2.91 tf, ) - /.o ^ 
128.74,129.93,130.27,136.45,137.76,149^1,160^171.05,199.27. 

;i!7.0 M .91(nv2H),6.72^( n ,2H),2.94(U--7. 5 H Z ,2H,.^l( t , J = 7SH 2 , 
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2H), 1.74-1 58 (m, 4H), 1.36 (m, 4H). "C NMR (75 MHz, 20% CD 3 OD in CDCl,): 
5 23.63, 25.40, 28.61, 28.74, 36.14, 38.51, 117.84, 119.27, 120.55, 124.14, 125.35, 
126.96, 127.18, 128.75, 129.93, 130.30/136.46, 137.80, 140.58, 149.33, 160.87, 172.81, 
199.30. 




Example 93; 

N-Hydroxy-7-[5-(2-(3,4-dimethoxyphenyl)pyri^ 

Ste p 1: 2-f3.4-dimpthoxyphenylV-5-bro Tr>npyridine (147) 

Following the procedure described in Example 67, step 1, but substituting 
10 respectively 2,5-dibromopyridine for 49d and 3,4-dimethoxyphenyl boronic acid 
for 3-thiophene boronic acid, the title compound 147 was obtained in 78%Yield. 
*H NMR (300 MHz, CDC^: 8 8.65 (dd, J = 2.4, 0.9 Hz, 1H), 7.77 (dd, J = 8.4, 5.4 Hz, 
1H), 7.60 (d, J = 2.1 Hz, 1H), 7.53 (dd, J = 8.4, 0.9 Hz, 1H), 7.73 (dd, J = 8.4, 2.1 Hz, 
1H), 6.89 (d, J = 8.4 Hz, 1H), 3.95 (s, 3H), 3.90 (s, 3H). "C NMR (75 MHz, CDO,): 
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855.92, 55.93, 109.64, 111.01, 118.46, 119.25, 120.92, 131.05, 139.09, 149.28, 150.21, 1 
50.36, 155.40. 

Ste p 2: Methyl-7-f5-r2-f3.4-dime thoxy phenvnpvridvl)carbonvl1heptanoate (148) 
Following the procedure described in Example 89, step 1, but substituting 

5 2-(3,4<iirnethoxyphenyl)-5-bromopyridine for 3-bromopyridine, the title 

compound 148 was obtained in 78 % yield. l H NMR (300 MHz, CDO,): 8 9.12 (8, J 
= 2.1 Hz, 1H), 8.17 (dd, J = 8.4, 2.1 Hz, 1H), 7.74 (d, J = 8.4 Hz, 1H), 7.69 (d, J = 1.8 
Hz, 1H), 7.54 (dd, J = 8.4, 1.8 Hz, 1H), 6.91 (d, J = 8.4 Hz, 1H), 3.95 (s, 3H), 3.89 (s, 
3H), 3.61 (s, 3H), 2.93 (t, J = 7.2 Hz, 2H), 2.27 (t, J = 7.5 Hz, 2H), 1.71 (m, 2H), 1.60 

10 (m, 2H), 1.35 (m, 4H). 13 C NMR (75 MHz, CDO,): 
8 23.90, 24.68, 28.86, 28.88, 33.91, 38.61, 51.42, 

55.92, 55.93, 110.03, 110.96, 119.30, 120.08, 129.78, 130.91, 136.08, 149.30, 149.61, 150 
.83,160.16, 174.08, 198.70. 

Ste p 3: 7-r5-f2-(3.4-HimPthoxvp V.pnynpvridvl'>carbonvnheptanoic acid (149) 
15 Following the procedure described in Example 18, step 3, but substituting 

ester 148 for ester 49a, the title compound 149 was obtained in 89% yield. *H NMR 
(300 MHz, CDO,): 8 9.20 (d, J = 1.8 Hz, 1H), 8.25 (dd, J = 8.1, 1.8 Hz, 1H), 7.78 (d, J 
= 8.1 Hz, 1H), 7.71 (d, J = 1.8 Hz, 1H), 7.57 (dd, J = 8.1, 1.8 Hz, 1H), 6.96 (d, J = 8.1 
Hz, 1H), 4.00 (s, 3H), 3.95 (s, 3H), 2.99 (t, J = 7.2 Hz, 2H), 2.36 (t, J = 7.5 Hz, 2H), 
20 1.77 (m, 2H), 1.66 (m, 2H), 1.41 (m, 4H) . *C NMR (75MHz, CDO,): 
8 23.84, 24.46, 28.80, 28.81, 

33.89, 38.60, 55.95, 55.96, 110.19, 110.04, 119.65, 120.24, 129.91, 130.72, 136.33,149.34 
, 149.47, 150.91, 160.19, 179.04, 198.64. 

fitp p A: ^Hvdroxv-7-r.^7-(3.4-dto 
25 (150) 

Following the procedure described in Example 14, step 3, but substituting 

carboxylic acid 149 for 37, and using 1.1 equivalent of NHjOH-HCl and 

triethylamine each, the title compound 150 was obtained in 32% yield. *H NMR 

(300 MHz, 20% CD3OD in CDC^: 8 9.20 (br s , 1H), 8.25 (d, J = 8.1 Hz, 1H), 7.81 (d, 

147 
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J = 8.1 Hz, 1H), 7.63 (br s, 1H), 7.54 (d, J = 8.1 Hz, 1H), 6.98 (d, J = 8.1 Hz, 1H), 3.95 
(s, 3H), 3.91 (s, 3H), 2.98 (t, J = 7.2 Hz, 2H), 206 (t, J = 7.2 Hz, 2H), 1.72 (m, 2H), 
1.61 (m, 2H), 1.37 (m, 4H) . 

Example 94; 

5 N-(2-Aminophenyl)-7-[5-(2-(3 / 4- 

dimethoxyphenyl)pyridyl)carbonyl]heptanamide(151) 

Following the procedure described in Example 22, but substituting 

carboxylic acid 149 for 50g, the title compound 151 was obtained in 32%Yield. *H 

NMR (300MHz, CDCl^: 5 9.18(d, J = 1.8 Hz, 1H), 8.23 (dd, J = 8.4, 2.1 Hz, 1H), 7.77 

10 (d, J = 8.4, 0.9 Hz, 1H), 7.73 (d, J = 2.1 Hz, 1H), 7.59 (dd, J = 8.4, 2.1 Hz, 1H), 7.35 

(br s, 1H), 7.15 (m, 1H), 7.04 (m, 1H), 6.96 (d, J = 8.4 Hz, 1H),6.78 (m, 2H), 4.00 (s, 

3H), 3.95 (s, 3H), 2.99 (t, J = 7.2 Hz, 2H), 2.39 (t, J = 7.5 Hz, 2H), 1.72 (m, 4H), 1.44 

(m, 4H). "C NMR (75 MHz, CDCI3): 8 23.71, 25.38, 28.69, 28.81, 36.39, 38.42, 55.78, 

55.79, 109.94, 110.88, 

15 117.68, 118.92, 119.16, 120.01, 124.08, 125.27, 126.83,129.58, 130.70, 135.96, 140.86, 
149.13, 149.43, 150.69, 159.98, 171.95, 198.75. 
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Example 95; 

N-Hydroxy-7-[4-(4-(N-methylmoipholinyl)phenyl)benzoyl]heptanainide (156) 

5 Ste p 1: 4-f4-H rnTno pheny T>bpnzaldehvde (152) 

To a solution of 4',4-dibromobiphenyl (3.12 g, 10 mmol) in dry THF (50 
mL) at -78°C was added dropwise a solution of n-BuLi ( 1.6M in hexane, 10 
mmol). After addition, the mixture was stirred for 30 minutes at -78°C 
Anhydrous DMF (50 mL) was then added and the mixture was allowed to stir at 

10 room temperature for 2 hours. The solvent was removed under high vacuum and 
the residue was taken in water and extracted with dichloromethane (2 x 50 mL). 
The combined organic layer were dried (MgSOJ and concentrated. Purification by 

149 



Copied from. 1 0522823 on 02/25/2008 



e . 2 /8) gave *e ou 



10 



ffl ' - ^ 



^^^^^^^^ 



20 



25 



• deprocedure^ eqU iva\ent oS 
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Example 96: 

N-(2-Aminophenyl)-7-[4-(4-(N- 

methylmoipholinyl)phenyl)berizoyl]heptanamide (157) 

Following the procedure described in Example 22, but substituting 
carboxylic acid 155 for 50g, the title compound 157 was obtained in 35 % yield. l H 
NMR (300 MHz, CDCg 5 8.00 (m, 2H), 7.40-7.60 (m, 6H), 3.80 (m, 4H), 3.60 (s, 
2H), 3.00 (m, 2H), 2.70 (m, 4H), 2.35 (m, 2H), 1.60 (m, 4H), 1.20 (m, 4H). 



159a: R=-s"^ (Example 97) 
159b : R= -SCHa (Example 98) 

159c: R= |Q (Example 99) 



d:R= 



159d:R= (Example 100) 

159e : R= — SH (Example 101) 



159f: R= -S^rT 1 (Example 102) 



Example 97: 

l-Acetylthio-2 / 9-dioxo-9-phenyl-nonane(159a) 
Step 1: l-chloro-2.9-dioxo-9-phenyl-nonane (158a) 

To a solution of the carboxylic acid 50a (5 g, 0.02 mmol) in anhydrous 
15 dichloromethane (20 mL) under nitrogen was added dropwise, an excess of oxalyl 
chloride (5 mL, 0.06 mmol) neat followed by few drops of anhydrous DMF. The 
mixture was stirred at room temperature overnight. The solvent was evaporated 
and the residue was dried under high vacuum. The acid chloride was then taken 
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in dry ether (20 mL) and to which was added a freshly prepared solution of 
diazomethane in ether. After addition the mixture was stirred at room 
temperature for four hours. The solvent was evaporated and the residue was 
treated with a solution of 4N HQ in dioxane (50 mL) at room temperature. After 4 
5 hours the dioxane was evaporated and the residue was taken in water and 

extracted with dichloromethane to give a residue which was chromatographed on 
silica gel to obtain the desired product 158a (4 g, 75% yield). MS (ESI) = 267 (MrT) 

StP p 7- l-Aretvlthin-2.9-dioxo-9-phenyl-nonane ( 159a) 

To a solution of the chloro ketone 158a (300 mg, 1 mmol) in anhydrous 

10 dichloromethane (25 mL) was added at 0-5°C a solution of the thiolacetic acid (92 
mg, 1.2 mmol) in dichloromethane. The mixture was allowed to stir at room 
temperature for 18 hours. The mixture was then extracted from dichloromethane 
to give a residue, which was chromatographed on silica gel to obtain the desired 
product 159a (103 mg, 50% yield). l H NMR (300 MHz, CDCL.) 5 8.00 (m, 2H), 7.60- 

15 7.40 (m, 3H), 3.80 (s, 2H), 3.00 (m, 2H), 2.60 (m, 2H), 2.40 (s, 3H), 1.60 (m, 4H), 1.20 
(m,4H). 

Example 98: 

l-Methylthio-2 / 9-dioxo-9-phenyl-nonane(159b) 

Following the procedure described in Example 97, step 1, 2, but 
20 substituting methanethiol for thiolacetic acid, the title compound 159b was 
obtained in 60% yield. >H NMR: (300 MHz, CDCLJ 8 8.00 (m, 2H), 7.40-7.60 (m, 
3H), 3.20 (s, 2H), 3.00 (m, 2H), 2.60 (m, 2H), 2.10 (s, 3H), 1.60 (m, 4H), 1.20 (m, 4H). 

Example 99; 

l-Benzylthio-2,9-dioxo-9-phenyl-nonane (159c) 
25 Following the procedure described in Example 97, step 1, 2, but 

substituting benzylthiol for thiolacetic acid, the title compound 159c was obtained 
in 35% yield. 'H NMR: (300 MHz, CDCL) 8 8.00 (m, 2H), 7.40-7.60 (m, 3H), 3.60 (s, 
2H), 3.10 (s, 2H), 3.00 (m, 2H), 2.60 (m, 2H), 1.60 (m, 4H), 1.20 (m, 4H). 

152 



fopi rl from : .. on ^ 008 



PCT/IB01/00683 



Example 100; 

l-Phenylthio-2,9-dioxo-9-phenyl-nonane (159d) 

Following the procedure described in Example 97, step 1, 2, but 
substituting phenylthiol for thiolacetic acid, the title compound 159d was 
obtained in 50% yield. l H NMR (300 MHz, CDO.) 6 8.00 (m, 2H), 7.20-7.60 (m, 
8H), 3.60 (s, 2H), 3.00 (m, 2H), 2.60 (m, 2H), 1.60 (m, 4H), 1.20 (m, 4H). 

Exam ple 101; 

l-Mercapto-2,9-dioxo-9-phenyl-nonane(159e) 

Following the procedure described in Example 97, step 1, 2, but 
substituting hydrogen sulfide for thiolacetic acid, the tide compound 159e was 
obtained in 30% yield. 

>H NMR (300 MHz, CDCL) 8 8.00 (m, 2H), 7.40-7.60 (m, 3H), 3.20 (d, J = 7.5 Hz, 
2H), 3.00 (m, 2H), 2.60 (m, 2H), 1.80 (t, J = 7.5Hz), 1.60 (m, 4H), 1.20 (m, 4H). 

Exam ple 102; 

l-Benzoylthio-2,9-dioxo-9-phenyl-nonane (159f) 

Following the procedure described in Example 97, step 1, 2, but 
substituting benzoylthiol for tihiolacetic acid, the title compound 159f was 
obtained in 52% yield. >H NMR (300 MHz, CDCg 5 8.00 (m, 4H), 7.60-7.40 (m, 
6H), 4.00 (s, 2H), 3.00 (m, 2H), 2.60 (m, 2H), 1.60 (in, 4H), 1.20 (m, 4H). 



153 



Copied from 1 0522823 on 02/25/2008 



WO 01/70675 





TCT/IB01/00683 




160:n=1, R=^s^CH 3 (Example 103) 
16l:n=1, R= -^SH (Example 104) 

9 

162 : n= 2, R= -^s^CH 3 (Example 105) 

163 : n= 2, R= ^SH (Example 106) 



Example 103; 

1- Acetylthio-2 / 8-dioxo-8-(2-benzo[b]thiophene)-octane(160) 

Following the procedure described in Example 18, step 1, 2, 3, but 
5 substituting respectively ethyl-6-iodohexanoate for ethyl-7-iodoheptanoate and 

2- benzotblthiophene-carbonyl chloride for benzoyl chloride, and then the 
resulting carboxylic acid was substituted for 50a in Example 97, step 1, 2, to afford 
the title compound 160 obtained in 45%yield. 1 H NMR (300 MHz, CDO,) 5 8.00 
(m, 2H), 7.40-7.60 (m, 3H), 3.80 (s, 2H), 3.00 (m, 2H), 2.60 (m, 2H), 2.40 (s, 3H), 1.60 

10 (m, 2H), 1.20 (m, 4H). 

Example 104; 

l-Mercapto-2^-dioxo-8-(2-benzo[b]thiophene)-octane (161) 

Following the procedure described in Example 18, step 1, 2, 3, but 
substituting respectively ethyl-6-iodohexanoate for ethyl-7-iodoheptanoate and 2- 
15 benzo[b]miophene-carbonyl chloride for benzoyl chloride, and then the resulting 
carboxylic acid was substituted for 50a in Example 97, step 1, 2, and hydrogen 
sulfide for thiolacetic acid, to afford the title compound 161 obtained in 20%yield. 
'H NMR (300 MHz, CDCy 8 8.00 (m, 2H), 7.40-7.60 (m, 3H), 3.20 (d, J = 7.5 Hz, 
2H), 3.00 (m, 2H), 2.60 (m, 2H), 1.80 (t, J = 7.5 Hz, 1H), 1.60 (m, 2H), 1.20 (m, 4H). 




(Example 107) 
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Example 105; 

l-Acetylthio-2 / 9-dioxo-9-(2-benzo[b]thiophene)-nonane(162) 



Following the procedure described in Example 97, step 1, 2, but 
substituting carboxylic acid 50m for 50a, the title compound 162 was obtained in 
50% yield. l H NMR (300 MHz, CDO,) 5 8.00 (m, 2H), 7.60-7.40 (m, 3H), 3.80 (s, 
2H), 3.00 (m, 2H), 2.60 (m, 2H), 2.40 (s, 3H), 1.60 (m, 4H), 1.20 (m, 4H). 

Example 106: 

l-Mereapto-2,9-dioxo-9-(2-benzo[fc]thiophene)-nonane (163) 

Following the procedure described in Example 97, step 1, 2, but 
substituting respectively carboxylic acid 50m for 50a and hydrogen sulfide for 
thiolacetic acid, the title compound 163 was obtained in 30% yield. *H NMR (300 
MHz, CDOLj) 5 8.00 (m, 2H), 7.60-7.40 (m, 3H), 3.20 (d, J = 7.5 Hz, 2H), 3.00 (m, 
2H), 2.60 (m, 2H), 1.80 (t, J = 7.5 Hz, 1H), 1.60 (m, 4H), 1.20 (m, 4H). 

Example 107; 

N-(2-Ammophenyl)-74(2-beriZo[l;]tMophene)carbonyl]heptanamide(164) 

Following the procedure described in Example 22, but substituting 
carboxylic acid 50m for carboxylic acid 50a, the title compound 164 was obtained 
in 79% yield. 'H NMR: (300 MHz, CDO,) 8 8.00-7.60 (m, 6H), 7-7.20 (m, 3H), 2.80 
(m, 2H), 2.00 (m, 2H), 1.60 (m, 4H), 1.20 (m, 4H). 




R2 



165 : R1= CH 3 , R2= — S^CH, (Example 108) 
166 : R1= CH3, R2= — sh (Example 109) 
167 : R1= H, R2= —s^cHs (Example 110) 
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Example 108; 

l-Acetylthio-2,9-dioxo-9-(2-(N-methyl)indolyl)-nonane(165) 

Following the procedure described in Example 1, step 4, but substituting 1- 
methyl indole-2-carboxylic acid for 5, followed by Example 18, step 2, 3, but 
substituting N-methyl indole-2-carbonyl chloride for benzoyl chloride, and then 
the resulting carboxylic acid was substituted for 50a in Example 97, step 1, 2, to 
afford the tide compound 165 in 40% yield. 'H NMR (300 MHz, CDOJ 8 8.00 (m, 
5H), 7.60-7.40 (m, 5H), 4.10 (s, 3H), 3.80 (s, 2H), 3.00 (m, 2H), 2.60 (m, 2H), 2.40 (s, 
3H), 1.60 (m,2H), 1.20 (m,4H). 

Example 109; 

l-Mercapto-2,9-dioxo-9-(2-N-methylindolyl)-nonane (166) 

Following the procedure described in Example 1, step 4, but substituting 1- 
methyl indole-2-carboxylic acid for 5, followed by Example 18, step 2, 3, but 
substituting N-methyl indole-2-carbonyl chloride for benzoyl chloride, and then 
the resulting carboxylic acid was substituted for 50a in Example 97, step 1, 2, and 
hydrogen sulfide for thiolacetic acid, to afford the title compound 166 in 25% 
yield. l H NMR (300 MHz, CDCg 5 8.00 (m, 2H), 7.60-7.40 (m, 3H), 4.10(s, 3H), 
3.20 (d, J = 7.5 Hz, 2H), 3.00 (m, 2H), 2.60 (m, 2H), 1.80 (t, J = 73 Hz, 1H), 1.60 (m, 
4H), 1.20 (m, 4H). 

Example 110; 

l-Acetylthio-2,9-dioxo-9-(2-indolyl)-nonane (167) 

Following the procedure described in Example 1, step 4, but substituting 
indole-2-carboxylic acid for 5, followed by Example 18, step 2, 3, but substituting 
indole-2-carbonyl chloride for benzoyl chloride, and then the resulting carboxylic 
acid was substituted for 50a in Example 97, step 1, 2, to afford the tide compound 
167 in 60% yield/H NMR: (300 MHz, CDCy 5 8.00 (m, 2H), 7.40-7.60 (m, 3H), 3.80 
(s, 2H), 3.00 (m, 2H), 2.60 (m, 2H), 2.40 (s, 3H), 1.60 (m, 2H), 1.20 (m, 4H). 
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